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T i n d a l l ,  A n g é l iq u e  G . ,  M .A ., J a n u a r y  1 9 8 9  C l i n i c a l
P s y c h o lo g y
Memory R e m e d ia t io n :  E v a l u a t i o n  o f  A C o m p u t e r - A s s i s t e d
C o g n i t i v e  R e t r a i n i n g  P ro g ra m  ( 1 1 5 )
D i r e c t o r :  H .A . W a l t e r s ,  Ph.D.'Ç^'t''’̂
T h is  s t u d y  i n v e s t i g a t e s  t h e  e f f i c a c y  o f  t h e  D e n v e r  
C o m p u t e r - A s s i s t e d  C o g n i t i v e  R e t r a i n i n g  (DCAR) s y s t e m  i n  t h e  
r e m e d i a t i o n  o f  m em ory d i s o r d e r s  i n  f o r t y - t w o  b r a i n - i n j u r e d  
s u b j e c t s .  T h r e e  a n a l y s e s  a r e  p r e s e n t e d ?  a c o m p le t e  a n a l y s i s  
u s i n g  a l l  s u b j e c t s ,  a c l o s e d - h e a d  i n j u r y  a n a l y s i s  u s i n g  o n l y  
c l o s e d - h e a d  i n j u r y  s u b j e c t s  (C H I) , and  an  a n a l y s i s  u s i n g  
s u b j e c t s  who a r e  m ore th a n  t w e l v e  m o n th s p o s t - i n j u r y  ( P I ) .  
E ach  o f  t h e s e  a n a l y s e s  i s  f u r t h e r  s u b d i v id e d  i n t o  a v e r b a l  
an d  n o n v e r b a l  mem ory a n a l y s i s .
A l l  s u b j e c t s  w e r e  t e s t e d  w i t h  p r e -  and  p o s t -  e x p a n d e d  
H a l s t e a d - R e i t a n  n e u r o p s y c h o l o g i c a l  b a t t e r i e s  b e tw e e n  w h ic h  
t i m e s  t h e y  w o rk ed  on  t h e  DCAR, i n c l u d i n g  t h e  v e r b a l  an d  
n o n v e r b a l  memory s e r i e s .  In  a d d i t i o n ,  a l l  s u b j e c t s  w e r e  
g i v e n  a  s c o r e  f o r  t h e i r  w ork on  t h e  DCAR w h ic h  s e r v e d  a s  t h e  
d e p e n d e n t  v a r i a b l e  f o r  t h i s  s t u d y .
R e g r e s s i o n  a n a l y s i s  r e v e a l e d  t h a t  v e r b a l  memory p ro g ra m  
p e r fo r m a n c e  on  t h e  DCAR w as p r e d i c t a b l e  from  tw o  p r e ­
n e u r  o p s y c h o l o g i c a l  b a t t e r y  s c o r e s ,  t h e  A v e r a g e  Im p a ir m e n t  
R a t in g  (A I R ) , f o r  c o m p le t e  a n a l y s i s  an d  P I a n a l y s i s  s u b j e c t s ,  
an d  t h e  num ber o f  l e a r n i n g  t r i a l s  t o  r e a c h  c r i t e r i o n  on t h e  
W e c h s le r  S t o r y  Memory t e s t  f o r  CHI a n a l y s i s  s u b j e c t s .  
N o n v e r b a l  m em ory p e r fo r m a n c e  on t h e  DCAR w as n o t  p r e d i c t a b l e  
fro m  p r e - b a t t e r y  s c o r e s  f o r  a n y  o f  t h e  a n a l y s e s ,  b u t  w as  
p r e d i c t a b l e  from  a n o n - b a t t e r y  v a r i a b l e .  T h is  v a r i a b l e  w as  
t h e  num ber o f  c o m p le t e  m o n th s t h e  s u b j e c t  w o rk ed  on t h e  DCAR 
s y s t e m .
W ith  t h e  e x c e p t i o n  o f  tw o  v a r i a b l e s ,  t h e  g a i n  s c o r e s  
fro m  p r e -  t o  p o s t -  b a t t e r y  t e s t i n g  w e r e  fo u n d  t o  b e  
s i g n i f i c a n t  on  a l l  a n a l y s e s .  The e x c e p t i o n s  w e re  a m em ory  
l o s s  v a r i a b l e  an d  an  a v e r a g e  b i t s  o f  i n f o r m a t i o n  l e a r n e d  
v a r i a b l e  b o th  o f  w h ic h  w e r e  c o m p o n e n ts  o f  memory t e s t i n g  i n  
t h e  b a t t e r y .  T h e s e  v a r i a b l e s  d i d  n o t  im p r o v e  s i g n i f i c a n t l y  
i n  a n y  o f  t h e  v e r b a l  a n a l y s e s ,  an d  i n  o n e  o f  t h e  n o n v e r b a l  
a n a l y s e s  ( t h e  n o n v e r b a l  P I a n a l y s i s ) .  F i n a l l y ,  i m p l i c a t i o n s  
f o r  e f f i c a c y  o f  m em ory r e t r a i n i n g  p r o g r a m s , f o r  c l i n i c a l  u s e  
o f  t h e  p r e d i c t i o n s  d i s c u s s e d  i n  t h i s  s t u d y ,  and f o r  f u t u r e  
r e s e a r c h  a r e  d i s c u s s e d .
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C h ap ter  1 
In tro d u c tio n  
L iter a tu r e  R eview  
A lthough in t e r e s t  in  hum an memory d a te s  b a ck  to  th e  tim e o f  
A r is to t le  (394-322 B .C .) ,  th e  f i r s t  m ajor s c ie n t i f i c  in v e s t ig a t io n  o f  
hum an memory b eg a n  w ith  th e  work o f Hermann E b b in g h a u s  
(1 8 5 0 -1 9 0 9 ). E b b in g h a u s  w as one o f  th e  f i r s t  t o  u se  s c ie n t i f ic  
m ethods to  c o n d u ct memory r e s e a r c h , w h ich  h e  p u b lish e d  in  1885
(M urdock, 1 9 8 5 ). C u rr en tly , th e  e m p ir ic a l  s tu d y  o f  human memory 
c o n tin u e s  to  t h r iv e  an d  i s  tu r n in g  som e a tte n tio n  tow ard  th e  
a p p lic a t io n  o f memory th e o r y  to  c l i n i c a l  p r a c t ic e . T h is  s tu d y  
e x p lo r e s  one a s p e c t  o f  c l i n i c a l  in te r v e n t io n  in to  memory im p a irm en t, 
t h a t  o f  c o m p u te r -a s s is te d  c o g n it iv e  r e t r a in in g .  C o g n itiv e  r e tr a in in g  
i s  d e f in e d  a s  s e t s  o f  p ro ced u res  t o  h e lp  p a t ie n ts  r e b u ild  a n d /o r
co m p en sa te  for  l o s t  c o g n it iv e  s k i l l s .
C la s s if ic a t io n s  o f  Memory
In  order to  g a in  an  u n d e r s ta n d in g  o f  memory r e t r a in in g , i t  i s  
im p o r ta n t to  be fa m ilia r  w ith  th e  d e f in it io n  an d  s tr u c tu r e  o f  hum an  
m emory. B eca u se  memory e n c o m p a sses  a  broad  r a n g e  o f ph enom ena, 
a c o n c is e  d e f in it io n  i s  d i f f i c u l t  to  a s c e r ta in  an d  a b e tte r  ap p roach
to  u n d e r s ta n d in g  i t  i s  th ro u g h  d e s c r ip t io n s  o f  th e  v a r io u s  memory
c la s s i f i c a t io n s .  C on troversy  e x i s t s  a b o u t th e  s p e c i f ic  r e la t io n s h ip s  
b etw een  th e s e  c la s s i f ic a t io n s  b u t th e r e  i s  some a g reem en t a s  to  th e
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fu n c t io n a l  d if fe r e n c e s  b etw een  them  in  t h a t  th e ir  d e f in it io n s
p r im a r ily  r e f le c t  le n g th  o f  tim e in  memory s to r a g e  (B a d d e le y , 1 9 8 4 ). 
B a d d e ley  d e s c r ib e s  th r e e  b a s ic  k in d s  o f memory; s e n so r y  m emory, 
sh o rt-term  m em ory, and  lo n g -term  m em ory. Each o f  th e s e  c a te g o r ie s  
i s  fu r th e r  d iv id e d  in to  s u b ty p e s  b a se d  upon v a r io u s  fu n c t io n a l  
d is t in c t io n s .
S en sory  memory i s  r e la te d  to  p e rcep tio n  an d  in v o lv e s  th e
i n i t i a l  p r o c e ss in g  o f  in fo rm a tio n  th ro u g h  th e  se n so r y  o r g a n s . T h is  
ty p e  o f  memory i s  s h o r t - l iv e d  an d  i s  su b d iv id e d  in to  ic o n ic  ( v is u a l )  
memory and  e c h o ic  (a u d ito r y )  m em ory. Ic o n ic  memory in v o lv e s  th e
a b i l i t y  to  p e r c e iv e  a  s in g le  m oving e n t i ty  from a s e r ie s  o f  p ic tu r e s  
a s  in  c in e m a to g r a p h y , an d  e c h o ic  memory i s  r e la te d  to  p ercep tio n  o f  
sp ee ch  so u n d s . Other se n so r y  m o d a lit ie s  a r e  in c lu d e d  in  se n so r y  
memory b u t th e s e  tw o  sy s tem s h a v e  been  th e  m ost fr e q u e n tly  
r e se a r c h e d . B eca u se  se n so r y  memory l a s t s  o n ly  a secon d  or tw o an d  
i s  m o d a lity  s p e c i f ic ,  i t  h a s  b een  d is t in g u is h e d  from sh o r t-te rm , or  
im m ed ia te  m em ory, w h ich  i s  d e fin e d  below  (S q u ir e , 19 8 7 ), 
Im p a irm en t in  t h i s  sy stem  m ost l ik e ly  r e f le c t s  p e r c e p tu a l r a th e r  th a n  
c o g n it iv e  d i f f i c u lt i e s  an d  i s ,  th e r e fo r e , n o t in c o rp o ra te d  in to  t h i s  
s tu d y . For a  more d e ta i le d  d is c u s s io n  o f s e n so r y  m em ory, th e  
r e a d e r  i s  r e fe r r e d  t o  Horton an d  M ills ' rev iew  o f  hum an le a r n in g  
an d  memory (Horton & M ills , 1984 ).
The secon d  c la s s i f ic a t io n  i s  sh o rt-term  memory or a s  B a d d e ley  
(1982) r e fe r s  to  i t ,  "w orking m em ory." T h is  i s  a ls o  r e ferred  to  a s
"prim ary memory" an d  i s  e q u iv a le n t  to  im m ed ia te  memory. S q u ire  
(1987) r e la t e s  t h a t  im m ed ia te  memory i s  c o n s id e r e d  by some to  be
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d if f e r e n t  from sh ort-term  memory; h o w ev er , t h i s  n o tion  h a s  not been  
su p p o rted  in  th e  n e u r o p s y c h o lo g ic a l  l i t e r a t u r e .  He fu r th e r  s ta t e s  
t h a t  im m ed iate  memory i s  h e ld  in  s to r a g e  for  a m inute or tw o  and  i s  
th e n  tr a n s fe r r e d  to  lo n g -term  s to r a g e ,  r e n d e r in g  i t  b a s ic a l ly  
in d is t in g u is h a b le  from sh o rt-term  m em ory. Short-term  memory d en otes  
a  tem p o ra ry  s to r a g e  o f  in fo rm a tio n  w ith  a l im ite d  s to r a g e  c a p a c ity .  
B a d d e le y  (1984) p o s tu la te s  t h a t  t h i s  ty p e  o f  memory may a ls o  be  
d iv id e d  in to  num erous su b s y s te m s , tw o o f  w h ich  he d e sc r ib e s  a s  th e  
a r t ic u la to r y  loop  and th e  v i s u o s p a t ia l  sk e tc h  p a d . The form er  
co n cern s sp eech  so u n d s o f  sh o rt-term  memory fu n c t io n in g  and th e  
la t t e r  in v o lv e s  m a n ip u la tio n  o f v i s u a l  im a g e s  in  sh ort-term  memory. 
He a ls o  p o s its  t h a t  th e s e  num erous su b s y s te m s , m any o f  w hich a r e  
u n e x p lo r e d , in t e r a c t  an d  a r e  g o v ern ed  b y  a " c en tra l e x e c u t iv e ."  
B a d d e le y 's  o r g a n iz a t io n a l  th e o r y  o f  sh o rt-term  memory h a s  im p o rta n t  
im p lic a t io n s  fo r  u n d e r s ta n d in g  memory im p a irm en t in  t h a t  a 
b reakdow n in  th e  " c e n tr a l e x e c u tiv e "  may b e  d e tr im e n ta l to  e v e r y d a y  
memory fu n c t io n in g  w h erea s  a  b reak d ow n  in  a su b sy stem  may be  
o f f s e t  b y  an o th er  in te r a c t in g  su b sy s te m . He d o e s , h o w ev er , em p h a size  
th e  n eed  for  fu r th e r  r e se a r c h  to  su p p o r t  t h i s  th e o r y .
The th ir d  ty p e  o f  memory i s  lo n g -te rm  or se co n d a r y  memory. 
T h is sy stem  in v o lv e s  le a r n in g  d u r a t io n s  la s t in g  from a few  m in u tes  
to  a few  w e ek s , m onth s, or y e a r s .  I t  h a s  a la r g e  c a p a c ity  an d  i s  
th e  m ost l ik e ly  o f  th e  th r e e  memory sy s te m s to  become im p a ired  in  
p e o p le  w ith  memory prob lem s (B a d d e le y , 1984 ). T here a r e  tw o  
su b ty p e  c a te g o r ie s  fo r  lo n g -te rm  m em ory, v i s u a l  v e r su s  v e r b a l  
memory an d  sem a n tic  v e r s u s  e p is o d ic  m em ory. V isu a l memory i s
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r e la te d  to  v i s u a l  im a g e s  or p ic tu r e s  an d  v e r b a l  memory in c lu d e s  th e  
v e r b a l  com p onents or  nam es o f  v i s u a l  im a g e s . T h ese  tw o  su b ty p e s  
a r e  a s s o c ia te d  w ith  d if fe r e n t  p a r ts  o f  th e  b r a in  and sh o u ld  be  
a s s e s s e d  s e p a r a te ly  a s  one ca n  be im p a ired  w h ile  th e  o th er  i s  in t a c t  
(B a d d e le y , 1 9 84 ). S em antic  memory in v o lv e s  g e n e r a l k n ow led ge  
( i . e . ,  k n ow ing  t h a t  th e  c a p i t a l  o f  I t a ly  i s  Rome) an d  e p is o d ic  
memory i s  r e la te d  to  p e r so n a l e x p e r ie n c e  ( i . e . ,  k n ow in g  w h at you  
h ad  fo r  d in n er  th e  p r e v io u s  e v e n in g  ) .  B a d d e ley  ( 1984 ) r e c o g n iz e s  
t h a t  lo n g -term  memory h a s  com p onents o f both  e p is o d ic  an d  sem a n tic  
memory in  t h a t  e p is o d ic  (p e r s o n a l e x p e r ie n c e )  p r eced es  sem a n tic  
(a c q u ir in g  new k n o w le d g e );  h o w ev er , he p o in ts  o u t t h a t  a m n esic s  
h a v e  d em on stra ted  a lo s s  o f  e p is o d ic  memory w h ile  sem a n tic  memory 
h a s  rem ain ed  in t a c t .  A nother more r e c e n t ly  p o s ite d  ty p e  o f  
lo n g -term  memory i s  p r o sp e c t iv e  memory w hich i s  th e  a b i l i t y  to  
rem em ber a sc h e d u le d  a c t iv i t y ,  or  t h a t  you a re  to  do som eth ing  a t  a  
p a r t ic u la r  tim e (B a d d e le y  e t  a l . , 1 9 87 ).
S tru ctu re  o f  Memory
The s tr u c tu r e  o f  hum an memory in v o lv e s  th r e e  fu n c t io n s , in p u t  
( l e a r n in g ) ,  s to r a g e  (m a in ta in in g  in fo r m a tio n ) , and  r e t r ie v a l  
( a c c e s s in g  in fo r m a tio n ) . B a d d e le y  (1984) p r o v id e s  a b r ie f
d e sc r ip t io n  o f  e a ch  o f  th e s e  p a r a m e te r s .
I n p u t  r e l ie s  on le a r n in g  an d  u s in g  p a s t  k n o w led g e . L earn in g  
i s  th e  p r o c ess  o f  a c q u ir in g  new in fo rm a tio n  and memory c a n  be  
th o u g h t  o f a s  a c o n se q u e n c e  o f  le a r n in g  (S q u ir e , 1 9 8 7 ). C oding i s  
th e  term  u sed  to  r e fe r  to  how in fo rm a tio n  i s  p r o c essed  d u r in g
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l e a r n in g .  C oding an d  e f f ic ie n c y  o f  memory r e te n tio n  a re  a ffe c te d  by  
a t te n t io n , o r g a n iz a t io n  o f  new in fo r m a tio n , l e v e l s  o f  p r o c e s s in g , and  
p r a c t ic e  d is tr ib u t io n  in  th e  fo llo w in g  w a y s: 1) poor a tte n tio n  le a d s
to  in s u f f ic ie n t  le a r n in g  r e s u lt in g  in  poor r e te n t io n , 2) g r e a te r  
k n o w led g e  o f a s u b je c t  in c r e a s e s  th e  e f f ic ie n c y  in  o r g a n iz in g  new  
in fo rm a tio n  a b o u t th e  s u b je c t ,  3) d eep er  l e v e l s  o f  p r o c e ss in g  
im p rove  r e ten tio n  o f  in fo rm a tio n  ( i . e . ,  le a r n in g  a new word b y  u s in g  
i t  in  a  s e n te n c e , a  sem a n tic  p r o c e s s , i s  a d eep er  l e v e l  o f  p r o c e ss in g  
th a n  le a r n in g  a new word b y  a s s o c ia t in g  i t  w ith  a rh ym ing w ord, a  
rh ym in g  p r o c e s s ) ,  an d  4) "A l i t t l e  an d  often" i s  th e  b e s t  r u le  for  
e f f ic ie n t  p r a c t ic e  d is t r ib u t io n . L ea rn in g  i s  d i f f e r e n t ia l ly  r e la te d  to  
sh ort-term  and  lo n g -te rm  m em ory. Short-term  memory in v o lv e s  
d e c la r a t iv e  le a r n in g  w hich  i s  a c q u ir in g  new in form ation  a b o u t  
p e r so n a l e x p e r ie n c e s  an d  new f a c t s .  On th e  o th er  h a n d , lo n g -term  
memory in v o lv e s  d e c la r a t iv e  le a r n in g  and  p r o c e d u r a l le a r n in g .  T h is  
la t t e r  ty p e  o f le a r n in g  r e fe r s  t o  a c q u ir in g  in t e l l e c t u a l  s k i l l s ,  
p e r c e p tu a l s k i l l s ,  an d  motor s k i l l s  ( i . e . ,  le a r n in g  to  r id e  a b ic y c le  
a n d  le a r n in g  to  s o lv e  a p u z z le ) ,  an d  i s  th e  le a r n in g  o f  th e  
p r o c e s s e s  in v o lv e d  in  th e s e  s k i l l s  (B a d d e le y  e t  a l . , 1987).
S torage  in v o lv e s  m a in ten a n ce  o f  in fo rm a tio n  an d  fo r g e t t in g  
r e fe r s  t o  f a i lu r e  to  m a in ta in  in fo r m a tio n . The p r o c ess  o f memory 
s to r a g e  i s  com plex  b u t , fo r  th e  m ost p a r t ,  h a s  been  r e se a r c h e d  from  
a b io lo g ic a l  p e r s p e c t iv e . S q u ire  (1987) r e la t e s  t h a t  n ervou s sy stem  
c h a n g e s  r e p r e se n t in g  memory s to r a g e  a r e  c a l le d  en g r a m s, an d  t h e s e  
en g ra m s a r e  lo c a te d  in  th e  s y n a p s e s  o f th e  n erv o u s sy s te m . In  
a d d it io n , h e  v ie w s  fo r g e t t in g  a s  an a c tu a l  lo s s  o f n e u r a l
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in fo r m a tio n . B ecau se  o f  th e  co m p lex ity  o f  t h i s  t o p ic ,  i t  i s  n o t  
d is c u s s e d  h e r e , b u t th e  r e a d e r  i s  r e fe r r e d  to  S q u ire  (1987) fo r  a  
th o ro u g h  d e sc r ip t io n  o f  memory s to r a g e  an d  fo r g e t t in g  p r o c e s s e s .
L it t le  i s  know n a b o u t th e  m echan ism s o f  a c c e s s in g  m a te r ia l, or  
r e tr ie v a l?  h o w ev er , T u lv in g  (1987) p o s it s  t h a t  e n c o d in g  o p e r a tio n s ,  
w hich he d e s c r ib e s  a s  m en ta l o p e r a tio n s  perform ed on  
to -b e-rem em b ered  m a te r ia l,  a r e  in v o lv e d  in  th e  r e t r ie v a l  p r o c e ss .  
T h ese  o p e r a tio n s  a r e  c o n te x tu a l  c h a r a c te r is t ic s  in tr o d u ce d  a t  th e  tim e  
when m a te r ia l i s  b e in g  le a r n e d . T h ese  c h a r a c te r is t ic s  in c lu d e  
e n v ir o n m e n ta l ( i . e . ,  s p e c i f ic  p la c e  w here le a r n in g  o c c u r r e d ) , s ta t e  
( i . e .  u n d er  th e  in f lu e n c e  o f  d r u g s  or a lc o h o l) , an d  p s y c h o lo g ic a l  
( i . e .  se m a n tic  c o n te x t  o f r e t r ie v a l  c u e s  g iv e n  to  th e  p erson  a t  th e  
tim e o f  le a r n in g )  c o n te x ts .  B a d d e le y  (1984) g iv e s  an  exam p le  o f  
p s y c h o lo g ic a l  c o n te x t  a s  c u e in g  th e  word "jam" w ith  " straw b erry  jam  
an d  tea "  in  th e  le a r n in g  p h a se  b u t  sw itc h in g  to  a " tr a ff ic  jam" 
c o n te x t  a s  a  h in t  fo r  th e  d e la y e d  r e c a l l .
AU th r e e  s tr u c tu r a l  p a ra m eters  ( in p u t , s to r a g e , and  r e tr ie v a l)  
h a v e  im p lic a t io n s  fo r  th e o r ie s  o f  a m n esia  w hich  a r e  a p p r o p r ia te ly  
c a lle d  e n c o d in g -d e f ic i t ,  s t o r a g e - d e f ic i t ,  and  r e t r ie v a l- d e f ic i t  
th e o r ie s .  M eudell an d  M ayes (1982) d is c u s s  th e s e  h y p o th e se s  and  
em p h a size  t h a t  in  o rd er  to  a c c u r a te ly  d e fin e  a m n e s ia , a  
co m p reh en siv e  th e o r y  o f  norm al fo r g e t t in g  i s  n eed ed .
In  sum m ary, th e  flow  o f  in fo rm a tio n  th r o u g h  th e  memory system  
in v o lv e s  an  i n i t i a l  p r e se n ta t io n  in to  se n s o r y  memory fo llo w ed  by  
e n tr a n c e  in to  th e  w ork in g  (sh o rt-te rm ) memory sy s te m , w h ich  s to r e s  
in fo r m a tio n  te m p o r a r ily , or in to  th e  lo n g -te r m  memory sy s tem , w h ich
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s to r e s  in fo rm a tio n  for  a lo n g e r  p er io d  o f  t im e . W hether in fo rm a tio n  
m ust e n te r  sh ort-term  memory b e fo re  lo n g -te rm  memory i s  a so u rce  o f  
th e o r e t ic a l  d e b a te  (B a d d e le y , 1 9 8 4 ). For fu r th e r  e x p la n a t io n  o f  t h i s  
c o n tr o v e r sy  s e e  C raik  an d  L o c k h a r t's  r ev iew  (1 9 7 2 ). A nother  
th e o r e t ic a l  c o n tr o v e r sy  q u e s t io n s  w h eth er  or n o t memory co m p rises a  
s in g le  g e n e r a l  sy stem  w ith  v a r io u s  t y p e s  o f  c o d in g  o r , a s  d e sc r ib e d  
a b o v e , c o n s is t s  o f  s e v e r a l  fu n c tio n  a l ly  d if fe r e n t  ty p e s  o f  memory 
s to r a g e  sy s te m s; s e n s o r y , sh o r t-te r m , an d  lo n g -term  (B a d d e le y ,  
1 9 8 2 ). N eu ro p sy ch o lo g y  su p p o r ts  th e  l a t t e r ,  p r o v id in g  e v id e n c e  for  
th e  fr a c t io n a t io n  o f  th e  memory sy s te m , w h ich  i s  d is c u s s e d  in  d e t a i l  
b y  S h a l l ic e  (1 9 7 9 ).
N eu ro p sy ch o lo g y  a n d  Memory
One o f  th e  m ajor b o d ie s  o f  n e u r o p s y c h o lo g ic a l  r e se a r c h  i s  th e  
s tu d y  o f  th e  r e la t io n s h ip  betw een  lo c u s  o f  b r a in  le s io n s  an d  memory 
fu n c t io n s . For e x a m p le , L u ria  (1976) b a s e s  h is  th e o r y  o f memory on  
th e  n e u r o p s y c h o lo g ic a l s tu d y  o f memory d is tu r b a n c e s  in  
b r a in -d a m a g e d  p a t ie n t s .  He p o s tu la te s  t h a t  memory i s  com p rised  o f  
tw o p r o c e s s e s ,  im p r in t in g , or m em orizing , an d  rep ro d u ctio n  o f  
m a te r ia l. T h ese p r o c e ss e s  a r e  g r a d u a l  an d  r e ly  on a system  o f  
h ie r a r c h ic a l ly -o r g a n iz e d  c o n n e c tio n s  b e g in n in g  w ith  e lem en ta ry  
se n s o r y  fa c to r s  a n d  c u lm in a tin g  w ith  com p lex  c o g n it iv e  fa c to r s .
N e u r o p sy c h o lo g ic a l s tu d ie s  a ls o  r e v e a l  t h a t  memory p r o c e sse s  
a r e  a s s o c ia te d  w ith  c e r ta in  a r e a s  o f th e  b r a in , p r im a r ily  th e  l im b ic  
s y s te m . T h is sy stem  c o n ta in s  th e  h ip p o ca m p u s, th e  fo r n ix ,  th e  
m am m illary  b o d ie s , an d  th e  th a la m u s  (A u erb a ch , 1986; L u r ia , 1973;
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W ilson , 1 9 8 7 ). M ilner (1966) p r o v id e s  e v id e n c e  for  h ip p ocam p al
in v o lv e m e n t  in  memory im p a irm en t in  h er  s tu d y  o f H .M ., who
su ffe r e d  from " c la s s ic  a m n esic  syndrom e" fo llo w in g  b i la t e r a l  a b la t io n  
o f  th e  tem p o ra l lo b e s .  She fu r th e r  sh ow s t h a t  d e f ic i t s  in  v e r b a l  
memory o ccu r  fo llo w in g  l e f t  tem p o ra l lob ectom y and d e f ic i t s  in
n o n v e r b a l memory occu r  w ith  r ig h t  tem p o ra l lobectom y (M iln er , 1 9 7 1 ). 
W ilson (1987) c i t e s  num erous o th er  s tu d ie s  su p p o r tin g  memory 
im p a irm en t fo llo w in g  h ip p o ca m p a l d am age a s  w e ll  a s  s tu d ie s  
p r o v id in g  e v id e n c e  t h a t  d am age to  th e  b r a in  stem , e s p e c ia l ly  th e  
m am m illary b o d ie s , le a d s  to  memory p ro b lem s. A lthough th e re  i s  
e v id e n c e  su p p o r tin g  th e  lo c a l iz a t io n  o f  memory fu n c tio n in g  in  th e
b r a in , th e  r e la t io n s h ip  betw een  memory im p a irm en t and b r a in  le s io n s  
rem a in s com plex in  t h a t  memory d e f ic i t s  may r e s u l t  from dam age in  
a lm o st a n y  p a r t  o f  th e  fro n to lim b ic  sy stem  o f  th e  b r a in  (A u erb ach , 
1 9 8 6 ).
Memory Im p airm en t
D istu rb a n ce  o f memory i s  a  common c o m p la in t o f b r a in - in ju r e d  
p a t ie n t s ,  an d  th e  c o u r se  a n d  ty p e  o f  memory im p a irm en t n ot o n ly  
d ep en d s upon th e  lo c a t io n  o f  b r a in  le s io n s  b u t  on th e  e t io lo g y  o f  
le s io n s  (L u r ia , 1 9 7 6 ). L esio n s in  th e  lim b ic  system  an d  u p per b r a in  
stem  a r e  a s s o c ia te d  w ith  g e n e r a l  memory d is tu r b a n c e  (g lo b a l  
a m n e s ia ) ,  w h erea s  c o n fin e d  le s io n s  a r e  r e la te d  to  more s p e c i f ic a l ly  
d e fin e d  im p a irm en ts (L u r ia , 1976; W ilson , 1 9 8 7 ). For e x a m p le , 
l e s io n s  in  th e  l a t e r a l  s u r fa c e  o f  th e  b r a in  h em isp h eres m a n ife s t  
d is tu r b a n c e s  in  memory for  o r ie n ta t io n  to  s p a c e  and t im e , an d
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l e s io n s  in  th e  l e f t  tem p o ra l r e g io n  le a d  to  a u d io -v e r b a l  memory 
im p a irm en t (L u r ia , 1 9 76 ). G lob a l a m n e s ia , on th e  o th er  h a n d , i s  
r e la te d  to  s e v e r a l  e t io lo g ie s  su ch  a s  a lc o h o lism , e n c e p h a l i t i s ,  h ead  
in ju r y ,  an d  o c c lu s io n  o f  th e  p o s te r io r  c e r e b r a l  a r te r y  (M eud ell & 
M ayes, 1 9 82 ). The c h a r a c t e r is t ic s  o f  g lo b a l  a m n esia  in c lu d e  
profoun d  d i f f ic u lt y  in  le a r n in g  a n d  rem em bering new in fo r m a tio n , 
a n te r o g r a d e  a m n e s ia , and  d i f f ic u lt y  rem em bering e x p e r ie n c e s  
o c c u r r in g  b efore  th e  o n s e t  o f  th e  d i s a b i l i t y ,  r e tr o g r a d e  am n esia  
(M eu d ell & M ayes, 19 8 2 ). The c o u r se  o f  t h i s  a m n estic  syndrom e may 
d if fe r  w ith  v a r io u s  e t io lo g ie s .  For in s ta n c e ,  a lco h o lism  i s  o ften  
r e la te d  to  l ife t im e  memory d e f ic i t s ,  w h erea s p eo p le  su ffe r in g  from  
tr a u m a tic  h ead  in ju r y  may r e c o v e r  p a r t ia l ly ,  d ep en d in g  upon th e  
s e v e r i t y  o f th e  d am age (H ecaen & A lb e r t, 1978; S ch acter  & C ro v itz , 
1977 ). Lezak (1979) h a s  s tu d ie d  memory r e c o v e r y  in  tw e n ty -fo u r  
c lo s e d -h e a d  in j u r y ,  m ale p a t ie n t s .  She c o n c lu d e s  t h a t  im m ed iate  
memory i s  l e a s t  a ffe c te d  b y  b r a in - in ju r y  an d  t h a t  s im p le  le a r n in g  
im p r o v e s , b u t a t  a  s lo w e r  r a te .  She fu r th e r  s t a t e s  t h a t  a s  memory 
an d  le a r n in g  t a s k s  becom e more co m p lex , p erform an ce i s  p ro fo u n d ly  
a ffe c te d  b y  b r a in  d a m a g e .
R ecovery  o f  F u n ction
The s p e c i f ic  c o u r se  o f  r e c o v er y  from b r a in  trau m a i s  d i f f i c u l t  
to  d e l in e a te  d u e  to  la c k  o f  s u f f ic ie n t  r e s e a r c h . In  a d d it io n ,  
S c h a c ter  an d  C rovitz  (1977) p o s tu la te  t h a t  d if fe r e n t  memory p r o c e ss e s  
( i . e . ,  sh o rt-term  memory an d  lo n g -te r m  memory) may r e c o v er  a t  
d if f e r e n t  r a te s .  R ecovery  o f  fu n c t io n , h o w ev er , i s  an  im p o rta n t
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c o n s id e r a t io n  for  c o g n it iv e  r e t r a in in g ,  an d  th e r e  a r e  s e v e r a l  v ie w s  
o f t h i s  phenom enon (A lfan o  & F in la y s o n , 1 9 8 7 ).
The e q u ip o te n t ia l i ty  or m ass a c tio n  v iew  a d v o c a te s  t h a t  th e  
e x te n t  to  w h ich  u n d am aged  b r a in  t i s s u e  ca n  ta k e  ov er  th e  fu n c tio n s  
o f d am aged  t i s s u e  d e term in es th e  am ount o f r e c o v e r y . T h is th e o ry  
a ssu m es t h a t  th e  t i s s u e s  a r e  p a r t  o f  th e  sam e system  in  th e  b r a in .  
A nother v iew  i s  th e  n otion  o f  v ic a r io u s  fu n c t io n in g , w hich i s  s im ila r  
to  th e  m ass a c t io n -e q u ip o te n t ia l  h y p o th e s is  e x c e p t  t h a t  th e  dam aged  
a n d  un d am aged  t i s s u e s  a r e  n o t p a r t  o f th e  sam e system  (A lfano  & 
F in la y s o n , 1987 ).
The fu n c t io n a l  r e o r g a n iz a t io n  th e o r y  i s  th e  m ost m ea n in g fu l for  
c o g n it iv e  r e tr a in in g . I t  e m p h a s iz e s  th e  " a c tiv e  rea ltera tio n "  o f  
th o se  p o r tio n s  o f  th e  n e r v o u s  sy stem  w hich  a r e  n o t p erm an en tly  
d a m a g ed . C o n se q u en tly , t h e s e  p o r tio n s  a r e  a b le  t o  c a r r y  o u t th e  
fu n c t io n s  o f  th e  dam aged  a r e a s .  A lfan o  and F in la y so n  (1987) 
p o s tu la te  t h a t  th e  m ass a c t io n -e q u ip o te n t ia l  an d  v ic a r io u s  fu n c tio n  
a c t iv i t i e s  may a c tu a l ly  r e p r e se n t  sp o n ta n eo u s  r e c o v e r y . They a d m it  
t h a t  a lth o u g h  th e  term  " a c tiv e  r e a lte r a tio n "  i s  n o t w e ll  d e f in e d , th e  
fu n c t io n a l  r e o r g a n iz a t io n  th e o r y  m ay h a v e  im p lic a t io n s  fo r  c o g n it iv e  
r e c o v e r y  in  t h a t  e x te r n a l  p r o c e sse s  m ay be c a p a b le  o f  r e a lte r in g  
b r a in  t i s s u e  fu n c t io n s . T h is  i s  b a se d  upon th e  id e a  t h a t  le a r n in g  
an d  e n v ir o n m e n ta l s t im u la t io n  c a n  im p rove  c o g n it iv e  p r o c e ss in g  a fte r  
b r a in  d a m a g e . S tu d ie s  w ith  b r a in - in ju r e d  a n im a ls  d em on stra te  
im p rovem en ts in  b e h a v io r  w ith  e x p o su r e  t o  e n r ic h e d  en v iro n m en ts  
(A lfan o  & F in la y s o n , 1 9 8 7 ). I f  e x te r n a l  fa c to r s  a r e  c a p a b le  o f  
in f lu e n c in g  th e  r e c o v e r y  o f  b r a in  fu n c t io n in g , th e n  an  e x te r n a l
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in te r v e n t io n  su ch  a s  c o g n it iv e  r e tr a in in g  may f a c i l i t a t e  c o g n it iv e  
r e c o v e r y  from b r a in  d a m a g e . In  a d d it io n . M iller  (1984) s ta te s  t h a t  
d e s p ite  e v id e n c e  su p p o r tin g  t h i s  v iew  o f r e c o v e r y , i t  rem ains a 
m ystery  w ith  few  v a lu a b le  s u g g e s t io n s  a s  to  i t s  m echanism s o f  
o p e r a t io n .
L u ria  e t  a l  (1969) d is c u s s  p r in c ip le s  o f fu n c t io n a l r e s to r a tio n  
w h ich  a r e  an  e la b o r a t io n  o f  th e  fu n c t io n a l  r e o r g a n iz a tio n  h y p o th e s is .  
T h ese  p r in c ip le s  a r e :  1) fu n c t io n a l  d is tu r b a n c e  d ep en d s upon th e
s i t e  o f  th e  l e s io n ,  2) s in c e  th e  p u rp o se  o f th e  fu n ctio n  rem ain s th e  
sa m e, a new method o f  a c h ie v in g  t h i s  p u rp o se  i s  perform ed b y  th e  
in t a c t  t i s s u e s  or l in k s ,  3) a l l  in t a c t  l in k s  m ust be in c lu d e d  in  th e  
r e s to r a t iv e  p r o c e ss  b e g in n in g  w ith  th e  m ost b a s ic  and g r a d u a lly  
m oving to  th e  m ost co m p lex , and  4) p r o v is io n  o f  c o n s ta n t  feed b a ck  
p r o v id e s  a so u rc e  o f com p arison  o f  new m ethods w ith  th e  o r ig in a l  
p u rp o se  o f  th e  fu n c tio n  a n d  a llo w s  fo r  m ista k es  to  b e  co rrected  
(L u r ia  e t  a l ,  1 9 6 9 ). T h ese  p r in c ip le s  a r e  b a se d  upon th e  id e a  t h a t  
"function" h a s  tw o  m e a n in g s , "work perform ed b y  co rresp o n d in g  
t is s u e s "  an d  "com plex a d a p t iv e  a c t iv ity "  o f  th e  organ ism  (L u ria  e t  
a l ,  1 9 6 9 ). The la t t e r  d e f in it io n  r e fe r s  to  fu n c tio n s  w hich a re  n o t  
lo c a l iz e d  a t  s p e c i f ic  t i s s u e  s i t e s  b u t  in v o lv e  an  e n t ir e  sy s te m , an d  
th e  p u rp o se  of th e s e  fu n c t io n s  do n o t c h a n g e  b u t th e  m ethods o f  
a c h ie v in g  th e ir  p u rp o se  a r e  v a r ia b le .  In  a d d it io n , th e s e  p r in c ip le s  
h a v e  im p o r ta n t im p lic a t io n s  for  c o m p u te r -a s s is te d  c o g n it iv e  r e tr a in in g  
program s w hich w iU  be d is c u s s e d  l a t e r .
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N e u r o p sy c h o lo g ic a l A ssessm en t o f  Memory
The r o le  o f c l i n i c a l  n e u r o p sy ch o lo g y  in  b r a in - in ju r y  h a s  
t r a d i t io n a l ly  c o n c en tr a ted  on d ia g n o s is  and  d e term in a tio n  o f th e  
r e la t io n s h ip  betw een  c o g n it iv e  d e f ic i t s  and  s i t e s  o f b r a in  le s io n s  
(A lfan o  St F in la y s o n , 1 9 8 7 ). A lfano an d  F in la y s o n  (1987) s u g g e s t  
t h a t  c l i n i c a l  n e u r o p sy ch o lo g y  n eed s to  e x p a n d  b y  in c o r p o r a tin g  
tr e a tm e n t o f  n e u r o p s y c h o lo g ic a l d e f ic i t s  in to  i t s  g o a ls .  They o u t lin e  
fou r  m ajor r o le s  o f  c l i n i c a l  n e u r o p sy c h o lo g y : 1) to  d eterm in e th e
c o g n it iv e  s tr e n g th s  a n d  w e a k n e sse s  o f b r a in -d a m a g e d  p a t ie n t s ,  2) 
to  p r e d ic t  th e  in f lu e n c e  o f  c o g n it io n  on th e  p o te n t ia l  for  r e c o v e r y , 
3) to  d eterm in e  th e  tr e a tm e n t m anagem en t im p lic a t io n s  o f a p a t ie n t 's  
c o g n it iv e  a s se s sm e n t , and 4) to  p r o v id e  a p p r o p r ia te  tre a tm en t fo r  
im p ro v in g  n e u r o p s y c h o lo g ic a l d e f ic i t s .  N e u r o p sy c h o lo g ic a l a s se s sm e n t  
i s  th e  prim ary  to o l  in  p erform ing t h e s e  r o le s .  T h is e v a lu a t io n  
p r o c e ss  p r o v id e s  q u a l i t a t iv e  an d  q u a n t ita t iv e  in fo rm a tio n  in  t h a t  
q u a l i t a t iv e  a ss e s sm e n t  r e la t e s  b r a in  fa c to r s ,  su ch  a s  ty p e  o f  l e s io n ,  
to  im p a irm en t, and  q u a n t ita t iv e  a s s e s sm e n t  d e sc r ib e s  s p e c i f ic  
c o g n it iv e  d e f ic i t s .  Im p o rta n t c o n s id e r a t io n s  o f th e s e  e v a lu a t io n s  a r e  
th e  r e la t io n s h ip  o f  s p e c i f ic  m easu res to  c e r e b r a l fu n c t io n s  an d  th e  
a ss e s sm e n t  o f a v a r ie ty  o f a b i l i t i e s  in  o rd er  to  s u f f ic ie n t ly  d e sc r ib e  
a p a t ie n t ' s  s tr e n g th s  an d  w e a k n e sse s  (A lfan o  & F in la y s o n , 19 8 7 ). 
R eitan  an d  Wolf son  (1986) d e sc r ib e  th e  core  H a ls tea d -R e ita n  
N e u r o p sy c h o lo g ic a l B a ttery  (HRB) in  term s o f  th e  r e la t io n s h ip  betw een  
th e  v a r io u s  t e s t s  in  th e  b a tte r y  and b r a in  fu n c t io n . They e x p la in  
t h a t  a lth o u g h  i t  i s  im p o ss ib le  fo r  a n e u r o p s y c h o lo g ic a l b a tte r y  to  
m easu re  a l l  o f  th e  b e h a v io r a l  fu n c t io n s  o f  th e  b r a in , th e  HRB
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a p p ro x im a te s  t h i s  p u rp o se  th ro u g h  th e  v a r ia b i l i t y  o f th e  t e s t s
in c lu d e d  in  th e  b a t te r y . T h ese  t e s t s  a r e  c a te g o r iz e d  a s :  "1) in p u t
m ea su res; 2) t e s t s  o f  v e r b a l  a b i l i t i e s ;  3) m easu res o f  s p a t ia l ,
s e q u e n t ia l ,  an d  m a n ip u la to ry  a b i l i t i e s ;  4) t e s t s  o f a b s tr a c t io n ,
r e a s o n in g , l o g ic a l  a n a ly s i s ,  an d  c o n c e p t form ation ; and  5) o u tp u t
m ea su r es” (R eitan  & Wolf so n , 1 9 8 6 ). T h ese  a u th o rs  a lso  em p h a size  
t h a t  phenom ena su ch  a s  a t te n t io n , c o n c e n tr a t io n , an d  memory a r e  
com p onents o f  th e  t e s t s  in  th e  HRB. Heaton an d  P en d leton  (1981);  
h o w ev er , in c lu d e  o th er  t e s t s  o u ts id e  o f  th e  core  HRB w hich  
in c o r p o r a te  a b ro a d er  spectrum  o f a b i l i t i e s  t h a t  m igh t a f fe c t  
e v e r y d a y  fu n c t io n in g . Among th e s e  a r e  t e s t s  o f  new le a r n in g  and  
d e la y e d  memory w hich  a r e  a ls o  em p loyed  in  th e  p r e se n t  s tu d y - 
T h ese  a r e  th e  S tory  an d  F ig u re  Memory com ponents o f  th e  W echsler  
Memory S c a le s  (W ech sler , 19 4 5 ).
Memory t e s t in g  i s  t y p ic a l ly  a  com ponent o f  n e u r o p sy c h o lo g ic a l  
e v a lu a t io n s ,  b u t one o f  th e  m ajor prob lem s w ith  memory t e s t s  
in v o lv e s  h ig h  c o r r e la t io n s  w ith  in t e l l ig e n c e  m easu res (E rik son  & 
S co tt, 1 9 7 7 ). The W echsler Memory S c a le , a  p ortion  o f  w hich i s  u sed  
in  t h i s  s tu d y , i s  p a r t ic u la r ly  c r i t ic iz e d  for  i t s  c o r r e la t io n  w ith  IQ 
sc o r e s  and  for  i t s  r e l ia n c e  on v e r b a l  s k i l l s  (E rik son  & S co tt, 1 9 77 ). 
A nother problem  i s  th e  e x te n t  to  w h ich  memory t e s t s  m easure
r e te n tio n  a s  op p osed  to  le a r n in g .  E r ik son  and  S co tt (1977) p ro p o se  
a s t r a te g y  for  a s s e s s in g  r e te n tio n  w hich  H eaton , C h elu n e , an d
Lehm an (1978) a d o p ted  an d  w h ich  th e  p r e se n t  s tu d y  em p lo y s.
E r ik son  an d  S co tt (1977) recom m end h a v in g  th e  p a t ie n t  le a r n  th e
m a te r ia l to  an e s ta b l is h e d  c r ite r io n  b efore  th e  d e la y e d  r e c a l l
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m ea su re . U s u a lly , p a t ie n t s  h a v e  o n e - t r ia l  le a r n in g ,  b u t , in  th e  
p r e s e n t  s tu d y , p a t ie n t s  a r e  a llo w e d  up to  f iv e  t r i a l s  to  le a r n  th e  
m a te r ia l to  an  e s ta b l is h e d  c r ite r io n .
A nother m ethod o f  memory a s s e s sm e n t , w h ich  i s  a ls o  
p r o b le m a tic , i s  th e  s u b je c t iv e  m easu re  o f  memory. T h is i s  u s u a l ly  
in  th e  form o f a q u e s t io n n a ir e  an d  i s  com p leted  b y  th e  p a t ie n t  
a n d /o r  a r e la t iv e  or fr ie n d  o f  th e  p a t ie n t .  S u n d er la n d , H a rr is , & 
B a d d e le y  (1983) p o in t  o u t  an  a d v a n ta g e  an d  d is a d v a n ta g e  o f t h i s  
m ethod. They em p h a s iz e  t h a t  p a t ie n ts  a r e  o ften  u n aw are  o f  th e ir  
memory d e f ic i t s  an d  h a v e  d i f f ic u l t y  rem em bering th e ir  p a s t  memory 
p erfo rm a n ces . T h is  ca n  b e  overcom e som ew h at b y  h a v in g  a fr ie n d  or  
r e la t iv e  com p lete  th e  q u e s t io n n a ir e ;  h o w ev er , th e r e  a r e  l im ita t io n s  to  
t h i s  in  t h a t  o b s e r v e r s  m ust r e ly  m ostly  on in d ir e c t  o b se r v a tio n  o f  
memory f a i lu r e s  (S u n d e r la n d , H a rr is , & B a d d e le y , 1983 ). The 
a d v a n ta g e  o f t h i s  s u b je c t iv e  m easu re i s  th e  p r o v is io n  o f  in form ation  
r e g a r d in g  p a t ie n ts '  e v e r y d a y  fu n c t io n in g , an  im p o rta n t a s p e c t  o f  
e v a lu a t in g  c o g n it iv e  r e tr a in in g  w h ich  h a s  n o t been a d e q u a te ly  
r e se a r c h e d . U sin g  d a ta  from o b je c t iv e  memory t e s t s ,  ex a m in er  
o b s e r v a t io n s , an d  in -d e p th  c l i n i c a l  in t e r v ie w s , H eaton and  P en d leton  
(1981) m ake p r e d ic t io n s  a b o u t p a t ie n t s '  e v e r y d a y  fu n c t io n in g . The 
memory t e s t s  th e y  u se  a r e  a lte r e d  form s o f  th e  S tory  an d  F ig u r e  
Memory com ponents o f  th e  W echsler Memory S c a le s  in  w hich p a t ie n ts  
le a r n  m a te r ia l to  c r ite r io n  fo llo w ed  by a fo u r -h o u r  d e la y  b e fo re  
r e c a l l  t e s t in g .  T h ese  a u th o r s  p r e d ic t  t h a t  slow  le a r n e r s  who 
rem em ber w e ll  w i l l  r e q u ir e  much r e p e t it io n  to  le a r n  new in fo r m a tio n . 
In  a d d it io n , p a t ie n ts  who h a v e  s ig n i f i c a n t ly  im p a ire d  d e la y e d  r e c a l l
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w i l l  te n d  to  m isp la c e  t h in g s ,  w i l l  fo r g e t  to  fo llo w  th ro u g h  on  
o b lig a t io n s  an d  in t e n t io n s ,  an d  w i l l  te n d  to  g e t  lo s t  e a s i ly  in  
u n fa m ilia r  e n v ir o n m e n ts . The p r e se n t  s tu d y  d oes n o t in c lu d e  a  
m easure o f e v e r y d a y  fu n c t io n in g , w h ich  i s  an  im p o rta n t c o n s id e r a tio n  
in  d e term in in g  th e  im p a c t  o f memory im p rovem ent and in  d ra w in g  
c o n c lu s io n s  a b o u t th e  e f f ic a c y  o f  c o g n it iv e  r e tr a in in g .
T reatm en t o f  Memory D e f ic its
A lfano  an d  F in la y s o n  (1987) e m p h a s ize  th e  need  fo r  c l in ic a l
n e u r o p sy ch o lo g y  to  p r o v id e  tre a tm en t fo r  im p ro v in g  c o g n it iv e  d e f ic i t s
an d  fo r  n e u r o p s y c h o lo g ic a l e v a lu a t io n s  to  be u sed  fo r  form u la tion  o f  
c o g n it iv e  r e h a b il i ta t io n  s t r a t e g ie s .  In c lu d e d  in  th e ir  p r o p o sa l a r e  
m on itor in g  p a t ie n t  p r o g r e ss  in  th e s e  s t r a t e g ie s  and  e v a lu a t in g  th e  
r em ed ia tio n  p r o c e s s e s . At t h i s  p o in t , i t  m ay be im p o rta n t to  
d is t in g u is h  b etw een  r e h a b il i ta t io n  an d  r e tr a in in g /r e m e d ia t io n . O ilier  
an d  Gordon (1981) o ffer  d e l in e a t io n s  o f  th e s e  te r m s .
R em ed iation  /r e t r a in in g  r e fe r s  to  " se ts  o f  p ro ced u res  d e s ig n e d  to  
p r o v id e  p a t ie n ts  w ith  th e  b e h a v io r a l  r e p e r to ir e  needed  to  s o lv e  
prob lem s or  to  perform  t a s k s  t h a t  seem  d i f f i c u l t  or im p o ss ib le ,"  and  
r e h a b i l i ta t io n  in c lu d e s  r e m e d ia t io n /r e tr a in in g  a s  w e ll  a s  o th er  ty p e s  
o f  th e r a p y  ( i . e . ,  p h y s ic a l  th e r a p y , sp ee ch  p a th o lo g y , o c c u p a t io n a l  
th e r a p y , an d  m e d ic a l in t e r v e n t io n ) .  In  th e  p a s t ,  c o g n it iv e
r e tr a in in g  r e c e iv e d  l e s s  a tte n tio n  th a n  p h y s ic a l  r e tr a in in g  (A lfan o  & 
F in la y s o n , 19 8 7 ). C u r r e n tly , much o f  th e  rem ed ia tio n  r e se a r c h  s t i l l  
c o n c e n tr a te s  on m o d ifica tio n  o f  b e h a v io r  d is o r d e r s  an d  r e le a r n in g  o f  
motor s k i l l s ;  h o w ev er , th e r e  a r e  memory s tu d ie s  w hich em p h a size  th e
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u se  o f  c e r ta in  m nem onic d e v ic e s .
Mnemonic t r a in in g  d a te s  b a ck  to  S im on id es (422 BC ), a  Greek 
who i s  c r e d ite d  w ith  th e  in v e n t io n  o f  th e  " a n c ie n t a r t  o f memory" 
(P a tte n , 1 9 7 2 ). T h is  memory sy stem  in v o lv e s  v iv id ,  in te n s e  im a g ery  
of to -b e-rem em b ered  o b je c ts  p la c e d  in  c e r ta in  fa m ilia r  lo c a t io n s .  
I n t e r e s t in g ly ,  t h i s  m ethod rem a in s in  u se  an d  i s  c a lle d  th e  method 
o f l o c i  (W ilson , 1 9 8 7 ). U n til th e  p u b lic a t io n  o f  L u r ia 's ,  The Mind 
o f a  M nem onist (1 9 6 8 ), th e  s c ie n t i f i c  com m unity c o n s id e r e d  mnemonic 
d e v ic e s  to  be "gim m icky" (D ille r  & G ordon, 1 9 8 1 ). L u r ia 's  book
c e n te r s  on a  c a s e  s tu d y  o f  an  in d iv id u a l  w ith  an  e x c e p t io n a l memory 
an d  h a s  le d  t o  an  in t e r e s t  in  a p p ly in g  memory tr a in in g  to  a  
h e a d - in ju r e d  p o p u la tio n  (D ille r  & G ordon, 19 8 1 ).
W ilson (1987) d e s c r ib e s  v a r io u s  memory t r a in in g  te c h n iq u e s  
u sed  w ith  b r a in -im p a ir e d  p e o p le . She s e p a r a te s  them  in to  tw o
c la s s e s ,  in t e r n a l  s t r a t e g ie s  ( i . e . ,  v e r b a l  an d  v i s u a l  m nem onics) and  
e x te r n a l  s t r a t e g ie s  ( i . e . , c h e c k l is t s  and  n o te b o o k s) . The in te r n a l  
s t r a te g ie s  a r e  r e se a r c h e d  fr e q u e n t ly  and  in c lu d e  f i r s t - l e t t e r  c u e in g ,  
th e  m ethod o f l o c i ,  PQRST r e h e a r s a l ,  th e  v is u a l- p e g  sy s te m , and  
s to r y  c o d in g . For a d e ta i le d  d is c u s s io n  o f ea ch  o f th e s e  m ethods, 
th e  r e a d e r  i s  r e fe r r e d  to  W ilson (1 9 8 7 ).
Outcome s tu d ie s  in v o lv in g  t h e s e  v a r io u s  d e v ic e s  con cern  e ith e r  
th e  com p arison  o f  tw o g r o u p s  (th e  grou p  u s in g  th e  ta r g e t  memory a id  
and  t h e  grou p  r e c ie v in g  an  a l t e r n a t iv e  trea tm en t) or s in g le - c a s e  
h is to r ie s .  D ille r  and  Gordon (1981) a s  w e ll  a s  W ilson (1987) o ffe r
su m m aries o f  th e s e  in v e s t ig a t io n s .  A lthough  memory im p roves
fo llo w in g  tr e a tm e n t w ith  th e s e  v a r io u s  te c h n iq u e s , in  m any o f th e
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s tu d ie s  th e r e  i s  l i t t l e  e v id e n c e  t h a t  im provem ent c a r r ie s  ov er  in to  
e v e r y d a y  fu n c t io n in g . The im p rovem en ts a r e  lim ite d  to  s p e c i f ic  
t a s k s  o f  th e  m nem onic t r a in in g .  For e x a m p le , an  in d iv id u a l  may 
become p r o f ic ie n t  in  u s in g  v i s u a l  im a g er y  to  m em orize l i s t s  o f w o rd s, 
b u t t h i s  may n o t be h e lp fu l  in  in c r e a s in g  c o n c en tr a tio n  to  im prove  
r e a d in g  com p reh en sion  an d  rem em bering w h a t i s  r e a d . B a s ic  
c o g n it iv e  p r o c e sse s  su ch  a s  c o n c e n tr a tio n  may need  rem ed ia tion  
b efo re  r e tr a in in g  o f  com p lex  p r o c e s s e s  su ch  a s  v e r b a l  and  n o n v er b a l  
memory a r e  s u c c e s s f u l .  Computer program s ca n  be d e s ig n e d  in  t h i s  
h ie r a r c h ic a l  m anner b e g in n in g  w ith  b a s ic  c o n c en tr a tio n  e x e r c is e s  and  
p r o g r e s s in g  to  com p lex  v e r b a l  an d  n o n v e r b a l memory p rogram s. T h is  
i s  a p o s s ib le  a d v a n ta g e  o f  c o m p u te r -a s s is te d  memory r e tr a in in g  o v e r  
m nem onic te c h n iq u e s .
C om p u ter-A ssisted  Memory R e tr a in in g
The u se  o f  com p u ters in  memory r e tr a in in g  i s  a  r e c e n t  
phenom enon t h a t  i s  y e t  t o  be th o r o u g h ly  in v e s t ig a t e d .  Most o f  th e  
work w ith  com p u ters c o n c e n tr a te s  on t e s t in g  and a sse s sm e n t  
(S k ilb e c k , 1 9 8 4 ). M icrocom pu ters, h o w ev er , a re  c u r r e n tly  b e in g  u sed  
in  memory r e t r a in in g .  S k ilb ec k  (1980) h a s  em ployed  a com puter  
p r e se n ta t io n  o f th e  v e r b a l-p e g  system  to  h e lp  a h e a d -in ju r e d  e le v e n  
y e a r  o ld  fem a le  le a r n  sh o p p in g  l i s t s .  He a ls o  u s e s  m icrocom puters to  
e n h a n c e  o r ie n ta t io n  memory in  h ea d  trau m a and str o k e  p a t ie n t s ,  
w h ich  in c lu d e s  o r ie n ta t io n  to  t im e , p la c e ,  an d  p e r so n . S k ilb ec k  
e m p h a s iz e s  th e  fo llo w in g  a d v a n ta g e s  o f m icrocom puter tr a in in g  : 1)
s ta n d a r d iz e d , c o n tr o lle d  p r e se n ta t io n  o f  item s an d  r ec o rd in g  o f
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p a t ie n t  r e s p o n s e s , 2) a d ju stm en t o f program s in  ord er to  make 
m a te r ia l e a s ie r  or  more d i f f i c u l t ,  3) t im in g  o f  p a t ie n t  re sp o n ses  a s  
a m easu re  o f  p r o g r e ss  ( i . e . ,  a t te n t io n /c o n c e n tr a tio n  im provem ent and  
p r o c e s s in g  s p e e d ) ,  4) im m ed ia te  fe e d b a c k  p ro v id ed  b y  th e  com puter, 
an d  5) n o n -ju d g m en ta l a p p ro a ch  o f th e  com p u ter. The d is a d v a n ta g e s  
o f com puter t r a in in g  a r e  th e  la c k  o f p e r so n a l c o n ta c t  and th e  
p o te n t ia l  for  n e g le c t  o f  c l i n i c a l  w ork.
Other s tu d ie s  em p lo y in g  com p u ters for  c o g n it iv e  r e tr a in in g  a r e  
rep orted  b y  B racy  (1983) an d  L ynch (1 9 8 3 ). Through c a s e  
d e s c r ip t io n s , th e s e  a u th o rs  c o n c lu d e  t h a t  com puter program s can  be  
h e lp fu l  in  rem ed ia tio n  o f  c o g n it iv e  d e f ic i t s  in  b ra in -d a m a g ed  
p a t ie n t s ,  F in la y s o n , A lfa n o , an d  S u lliv a n  (1987) r ep o r t a  c a s e  
s tu d y  in  w hich  a h e a d - in ju r y  p a t ie n t  w ith  s ig n i f ic a n t  c o g n it iv e  
im p a irm en t p a r t ic ip a te d  in  a r e h a b il i ta t io n  program  w hich  in c lu d e d  
m icrocom p u ter-b ased  c o g n it iv e  r e tr a in in g  u s in g  com puter gam es. 
A fter tw e n ty -tw o  w e e k s , t h i s  p a t ie n t  show ed  s ig n i f ic a n t  im provem ents  
in  p erform an ce on th e  com puter gam es an d  s ig n if ic a n t  im provem ents  
in  " p ro b lem -so lv in g  a b i l i t y ,  m en ta l f l e x i b i l i t y ,  and  psychom otor  
s k i l l ” a s  e v id e n c e d  in  her  fo llo w -u p  n e u r o p sy c h o lo g ic a l e v a lu a t io n .  
T h ese  a u th o r s , h o w ev er , in d ic a te  t h a t  c h a n g e s  in  th e  p a t ie n t ' s  
em o tio n a l s ta tu s  an d  a t t e n t io n a l  s k i l l s  w ere n o t o b se r v e d . G lisk y ,  
S c h a c te r , an d  T u lv in g  (1986) h a v e  d em on stra ted  t h a t  b r a in -d a m a g e d  
in d iv id u a ls  a re  a b le  t o  o p e r a te  m icrocom puters perform ing su ch  t a s k s  
a s  w r it in g , e d i t in g ,  an d  e x e c u t in g  s im p le  p ro g ra m s. T h ese a u th o rs  
e m p h a s iz e  t h a t  th e  le a r n in g  p r o c e ss  i s  s lo w , b u t th e  p a t ie n ts  a r e  
a b le  to  r e ta in  w h at th e y  le a r n .
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T here a r e  th r e e  b a s ic  a p p r o a c h e s  to  c o g n it iv e  r em ed ia tio n , th e  
b e h a v io r a l ,  th e  p sy ch o m etr ic , an d  th e  b io lo g ic a l  (A lfano &
F in la y s o n , 1 9 8 7 ). The b e h a v io r a l  a p p ro a ch  in c lu d e s  th e  in te r n a l  
an d  e x te r n a l  m nem onics d e sc r ib e d  e a r l ie r .  The p sych om etr ic  
a p p ro a ch  in v o lv e s  in te n s e  r e p e t it io n  o f  p sy ch o m etr ic  t e s t s  ( i . e . ,  
im p r o v in g  v i s u o s p a t ia l  fu n c t io n in g  v ia  in t e n s e  tr a in in g  w ith  b lock  
d e s ig n s ) .  The b io lo g ic a l  a p p ro a ch  c o n c e n tr a te s  on rem ed ia tion  o f  
s u b s k i l l s  w h ich  com p rise  h ig h e r  m en ta l p r o c e sse s  ( i . e . ,  th e  
im provem ent o f a tte n tio n  sp a n  to  v e r b a l  in fo rm a tio n  w ith th e
e v e n tu a l  b etterm en t o f  v e r b a l  m em ory). Com puters can  be u sed  in  
a l l  o f th e s e  a p p r o a c h e s , b u t  th e  p r e se n t  s tu d y  w i l l  in v o lv e  th e  u se  
o f m icrocom puters w ith  th e  b io lo g ic a l  a p p r o a c h .
The b io lo g ic a l  a p p ro a ch  a ssu m es th e  e x is t e n c e  o f a  h ie r a r c h y  
of c o g n it iv e  p r o c e ss e s  w h ich  i s  d e f in e d  b y  L u ria  a s  fo llo w s:  . .
hum an m en ta l p r o c e s s e s  a r e  com p lex  fu n c t io n a l  sy stem s . . . n o t
lo c a l iz e d  in  n a rro w , c ir cu m sc r ib e d  a r e a s  o f th e  b r a in , b u t ta k e
p la c e  th r o u g h  th e  p a r t ic ip a t io n  o f  g r o u p s o f  c o n c e r te d ly  w ork ing  
b r a in  s tr u c tu r e s , e a ch  o f  w h ich  m akes i t s  own p a r t ic u la r  
c o n tr ib u tio n  to  th e  o r g a n iz a t io n  o f  t h i s  fu n c t io n a l system " (L u r ia ,  
1973, p . 4 3 ) .  T h is  sy stem  i s  com p rised  o f  th r e e  fu n c t io n a l u n it s  
w h ich  in v o lv e :  " 1) r e g u la t io n  o f  to n e ;  2) o b ta in in g , p r o c e s s in g ,
an d  s to r in g  o f  in fo rm a tio n  from th e  o u ts id e  w orld ; and 3) 
program m ing and  v e r i f y in g  m en ta l a c t iv ity "  (L u r ia , 1973 ). In
a d d it io n , e a c h  o f  th e s e  fu n c t io n a l  u n its  c o n ta in s  h ie r a r c h ic a l ly  
o r g a n iz e d  c o r t ic a l  a r e a s  w hich  a r e  b u i l t  one on top  o f  th e  o th e r  
(L u r ia , 1 9 73 ). The h ie r a r c h ic a l  fu n c t io n s  in  e a ch  o f th e s e  a r e a s
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a r e  p r im a ry  (r e c e iv in g  an d  se n d in g  im p u lse s  to  th e  p e r ip h e r y ) ,  
se c o n d a r y  (p r o c e s s in g  in co m in g  in fo r m a tio n ) , and  t e r t ia r y  
( in te g r a t in g  com p lex  m en ta l a c t i v i t y ) .  For e x a m p le , a c co rd in g  to  
L u r ia 's  th e o r y  an d  r e s e a r c h , d e fe c ts  in  th e  m ed ia l z o n e s , w hich a r e  
d eep  in  th e  b r a in , le a d  to  g lo b a l  memory d is tu r b a n c e s  
(r e p r e s e n t in g  a lo s s  in  r e g u la t io n  o f  c o r t ic a l  to n e ) t h a t  a r e  n o t  
c o n se q u en ce s  o f  w eak memory t r a c e s  b u t  a r is e  from in a b i l i t i e s  to  
" in h ib it  i r r e le v a n t ,  in te r fe r in g  stim u li"  (a  p r im ary  fu n c t io n ) .  Many 
m icrocom puter r e tr a in in g  p rogram s a r e  d e s ig n e d  to  p r e se n t  m a ter ia l  
a c c o r d in g  to  a h ie r a r c h ic a l  m odel s ta r t in g  w ith  a tten tio n  sp a n  
t r a in in g  an d  e v e n tu a l ly  p r o g r e s s in g  to  s p e c i f ic  t r a in in g  to  rem ed ia te  
c o g n it iv e  d e f ic i t s  su ch  a s  v e r b a l  an d  n o n -v e r b a l memory 
(B e n -Y ish a y , 1 9 7 8 ). G ou v ier , W ebster, an d  B lan ton  (1986) d e sc r ib e  
th r e e  com p u terized  r e tr a in in g  p rogram s w h ich  a r e  d e s ig n e d  to  h e lp  
b r a in - im p a ir e d  p a t ie n ts  m aster  s im p le  t a s k s  in  p r e p a r a tio n  for  more 
a d v a n c e d  t a s k s .  They a r e  th e  O rien ta tio n  R em edial Module o f New 
York U n iv e r s ity  (NYU, 1 9 8 3 ), G ia n u tso s an d  K litz n e r 's  (1981) 
C o g n itiv e  R eh ab ü L tation  p ro g ra m s, an d  th e  F ou n d ation  S k i l ls  
p rogram s o f  B racy  (1 9 8 2 ). T h ese  program s u s u a l ly  b e g in  w ith  
r e a c tio n -t im e  t r a in in g  to  im p rove  a tte n t io n  an d  c o n c en tr a tio n  a n d , 
on ce t h i s  i s  m a stered , p r o g r e ss  to  h ig h e r  l e v e l  p rogram s. Com puters 
fo llo w  tw o o f  th e  p r in c ip le s  o f  fu n c t io n a l  r e s to r a tio n  d is c u s s e d  
e a r l i e r . H ie r a r c h ic a lly -a r r a n g e d  com puter program s may s im u la te  
th e  i n t a c t  l in k s  o f  th e  b r a in  t i s s u e  b e g in n in g  w ith  th e  s im p le  and  
p r o g r e s s in g  to  th e  com p lex  (p r in c ip le  3 ) ,  an d  com puters p r o v id e  
im m ed ia te  fe e d b a c k  (p r in c ip le  4 ) .  The com puter program s u sed  in
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th e  p r e s e n t  s tu d y  a r e  p la n n e d  a c c o r d in g  to  t h i s  m odel.
P u rp ose  o f  T h is S tu d y
D ille r  an d  Gordon (1981) p o se  p e r t in e n t  q u e s t io n s  w hich need  to  
be a d d r e ss e d  in  e v a lu a t in g  r e h a b il i ta t io n  p ro g ra m s. Among them  
a r e : 1) Who may b e n e f it  from th e  program ? 2) How w il l  e f f ic a c y  be  
d efin ed ?  an d  3) How lo n g  w i l l  tr e a tm e n t la s t?  T h is s tu d y  p rop oses  
to  a n sw er  th e s e  q u e s t io n s  w ith  r e s p e c t  to  memory r e tr a in in g  on a 
c o m p u te r -a s s is te d  c o g n it iv e  r e tr a in in g  program  c a lle d  th e  D enver  
C om p u ter-A ssisted  R e tr a in in g  (DCAR) sy s te m . T h is w il l  be
a cco m p lish ed  th r o u g h  th e  p r e d ic t io n  o f th e  e x te n t  to  w hich or  
p r o b a b ili ty  t h a t  b r a in - im p a ir e d  p a t ie n ts  w i l l  b e n e f it  from t h i s  
program  an d  w i l l  be b a se d  upon n e u r o p s y c h o lo g ic a l b a tte ry  sc o r e s  
an d  tim e s p e n t  in  th e  p rogram . The p a t ie n ts  w i l l  com p lete  p r e -  and  
p o s t-  ex p a n d ed  v e r s io n s  o f  th e  H a ls tea d -R e ita n  B attery  (H eaton , 
C h elu n e , & Lehm an, 1978) an d  w i l l  work on th e  DCAR system  betw een  
a d m in is tr a t io n s  o f th e s e  t e s t s .
The h y p o th e se s  fo r  t h i s  s tu d y  a r e  a s  fo llo w s:
1) P a t ie n t  p erform ance on th e  memory sc o r e s  o f th e  H a lsted -R eita n  
E xp an d ed  B a ttery  w i l l  s ig n i f ic a n t ly  im p rove a f te r  c o m p u te r -a ss is te d  
c o g n it iv e  r e t r a in in g .
2) P er ce n t o f  memory lo s s  w i l l  be th e  m ost s e n s it iv e  p red ic to r  o f  
p erfo rm a n ces on th e  DCAR system  memory m od u les.
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3) B a sed  upon th e  p r e -B a tte r y  s c o r e s ,  th e  e x te n t  to  w hich or th e  
p r o b a b ili ty  t h a t  b r a in - im p a ir e d  p a t ie n t s  w i l l  b e n e f i t  from com p uter-  
a s s is t e d  c o g n it iv e  r e tr a in in g  w i l l  be p r e d ic te d .
T h is  in v e s t ig a t io n  h a s  s e v e r a l  p u r p o se s . I t  w i l l  p ro v id e  a  
s t a t i s t i c a l  a n a ly s i s  o f  th e  e f f ic a c y  o f  th e  u s e  o f  com puters (a
medium w h ich  seem s to  h a v e  p o te n t ia l  for  u se  a s  an  ejK ective to o l a s
w e ll  a s  m isu se  and  ra iscon tru en ce o f  i t s  c a p a b i l i t ie s )  in  c o g n it iv e
r e t r a in in g . A lso , t h i s  s tu d y  w i l l  fu r n ish  in form ation  a s  to  th e  
v a lu e  o f  c o g n it iv e  rem ed ia tio n  fo r  b r a in - in ju r e d  p a t ie n ts  an d  
in fo rm a tio n  r e g a r d in g  th e  p r e d ic t io n  o f  c o g n it iv e  r e tr a in in g  outcom e  
b a se d  upon n e u r o p s y c h o lo g ic a l t e s t  m ea su res . C ritic ism s o f
c o m p u te r -a s s is te d  c o g n it iv e  r e tr a in in g  program s a r e  th a t  th e y  assu m e  
a "hom ogeneity" o f  b r a in  d am age a c r o ss  in d iv id u a ls ,  and th e  
e v a lu a t io n  o f th e s e  program s i s  m easured  by p r e -  an d  p o s t -  
n e u r o p s y c h o lo g ic a l t e s t s  w h ich  a r e  n o t g e a r e d  to  fo rm u la tin g  
in d iv id u a l  tre a tm en t p la n s  (A lfan o  & F in la y s o n , 19 8 7 ). A lthough  
t h i s  s tu d y  u se s  t h i s  a p p r o a c h , th e  r e s u lt s  may fu r n ish  in form ation  
a b o u t t h e  e f fe c t  o f  in d iv id u a l  d if fe r e n c e s  on tre a tm en t outcom e. T h is  
w ould su p p o r t  a n eed  fo r  r e se a r c h  on th e  u se  o f  n e u r o p sy c h o lo g ic a l  
e v a lu a t io n s  to  p la n  in d iv id u a l  tr e a tm e n t p ro g ra m s. F in a l ly ,  t h i s
s tu d y  may add  to  th e  body o f  k n o w led g e  n e c e ss a r y  for th e  
e s ta b lis h m e n t  o f a  th e o r y  o f  c o g n it iv e  r e h a b il i ta t io n .
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C hapter 2 
METHODS 
D esign  o f  S tu d y
S u b je c ts
The su b je c ts  a r e  42 b r a in -im p a ir e d  a d u lt s .  The e t io lo g ie s  o f  
th e ir  b r a in  in ju r ie s  v a r y  and  in c lu d e  c lo s e d -h e a d  in ju r y  (n = 3 4 ), 
o p e n -h e a d  in ju r y  { n = l) ,  a n o x ia  ( n = l ) ,  p o s t  b r a in  su r g e r y  
c o m p lic a tio n s  (n = 2 ), an d  str o k e  (n = 4 ). Most su b je c ts  a r e  form er  
p a t ie n ts  a t  D enver N e u r o p sy c h o lo g ic a l A sso c ia te s  (DNA; n=39) or F ort  
Lyon V eteran s A d m in istra tio n  H o sp ita l in  F ort L yon, C olorado (n = 3 ), 
w here th e y  r e c e iv e d  com puter a s s is t e d  c o g n it iv e  r e tr a in in g  on th e  
D enver C om p u ter-A ssisted  R e tr a in in g  (DCAR) sy s tem . B a s is  fo r  
se le c t io n  o f  s u b je c ts  i s  th e  com p letion  o f  a  p r e -  and p o s t -  
H a lstea d -R e ita n  N e u r o p sy c h o lo g ic a l B a ttery  (HRB), w hich in c lu d e s  th e  
s to r y  an d  f ig u r e  memory com p onents o f  th e  W echsler Memory S c a le s ,  
an d  work on th e  DCAR system  betw een  a d m in is tra tio n  o f th e s e  
b a t t e r ie s .  The s u b je c ts  w ere m ade a v a i la b le  fo r  t h i s  r e se a r c h  by  
Dr. Loren M eyerink , co -fo u n d er  o f  DNA and  c o -c r e a to r  o f  th e  DCAR 
sy s tem , and  th e  F o rt Lyon V etera n s A d m in istra tion  r e se a r c h  
com m ittee. D uring a V etera n s A d m in istra tio n  T r a in e e sh ip , th e  au th or  
w as su p e r v ise d  b y  Dr. M eyerink w h ile  w ork in g  w ith b r a in -im p a ir e d  
p a t ie n ts  who w ere p a r t ic ip a t in g  in  th e  DCAR program .
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P roced u re
A ll su b je c ts  w ere p r e -te s te d  u s in g  an  e x p a n d ed  v e r s io n  o f  th e  
HRB w h ich  w as a d m in is ter ed  b y  a tr a in e d  te c h n ic ia n . The core HRB 
c o n ta in s  th e  C ategory  T est; T r a il  M aking T e st , p a r ts  A and  B; th e  
T a c tu a l P erform ance T est; S ea sh o re  Rhythm T est; S p eech-Sou nd s  
P ercep tio n  T est; G rip S tren g th ; F in g er  T a p p in g ; A p h a sia  S creen in g ;  
an d  th e  S e n so r y -P e r c e p tu a l exam  (R eitan  & D a v iso n , 1974). 
(A p p en d ix  A d e s c r ib e s  e a ch  o f  th e s e  t e s t s . )  To o b ta in  a m easure o f  
p s y c h o lo g ic a l  fu n c t io n in g , th e  M innesota M u ltip h a sic  P e r so n a lity  
In v e n to r y  (MMPI; G reen, 1980) i s  g iv e n  w ith  t h i s  b a tte r y . In  
a d d it io n  to  th e  co re  HRB, th e  fo llo w in g  t e s t s  w ere in c lu d e d :  Grooved
P eg b o a rd , D ig it  V ig i la n c e , S ea sh o re  T on a l Memory, Story Memory, 
F ig u re  Memory, Boston N am ing, T h u rston e Word F lu en cy , Word 
F in d in g , W isconsin  Card S o r tin g , th e  fou r  a u d ito r y  com p rehension  
s u b te s t s  o f  th e  Boston D ia g n o s tic  A p h a sia  Exam , and th e  WAIS-R 
(H eaton & P en d le to n , 1 9 8 1 ). (A p p en d ix  B d e sc r ib e s  ea ch  o f th e s e  
t e s t s . )
A fter t e s t in g ,  s u b je c ts  w orked on th e  DCAR sy stem , d e sc r ib ed  
b e lo w . T r a in in g  on t h i s  sy stem  w as p ro v id ed  by em p loyees o f DNA 
in c lu d in g  sp eech  p a th o lo g is t s ,  g r a d u a te  s tu d e n ts  in  p s y c h o lo g y , and  
c l i n i c a l  n e u r o p s y c h o lo g is ts . S u b jec ts  w orked on th e  DCAR system  in  
th e  DNA o f f ic e  and  in  th e ir  hom es, e x c e p t  for  th e  V eteran s  
Ad m in is ta t io n  p a t ie n ts  who w orked on th e  program s m ostly  in  th e  
h o s p ita l .  In  a d d it io n , s u b je c ts  w ere p ro v id ed  w ith em o tio n a l  
su p p o r t  an d  c o u n s e l in g . At th e  en d  o f th e  t r a in in g ,  a l l  su b je c ts  
w ere p o s t - te s te d  w ith  th e  sam e b a tte r y  u sed  fo r  p r e - t e s t in g .  The
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c o g n it iv e  t r a in in g  e x e r c is e s  w ere n o t d ir e c t ly  r e la te d  to  an y  o f th e  
t e s t s  a n d  s u b je c ts  d id  n o t p r a c t ic e  th e  t e s t s  d u r in g  th e  c o g n it iv e  
t r a in in g .  An a lt e r n a te  form o f  th e  s to r y  an d  f ig u r e  memory 
com p onents o f  th e  W echsler Memory S c a le s  w as a d m in istered  fo r  th e  
p o s t - t e s t in g .
DCAR System
The DCAR system  u t i l iz e s  th e  Commodore 64/128 com puters and  
c o n s is t s  o f  a s e r ie s  o f  h ie r a r c h ic a l ly -o r g a n iz e d  com puter e x e r c is e s  
w hich  e m p h a size  a b i l i t i e s  in  r e a c tio n  t im e , a t te n t io n /c o n c e n tr a tio n ,  
m em o r y /le a rn in g , v i s u o s p a t ia l  p r o c e s s in g , s tim u lu s  d is c r im in a tio n ,  
tim e s e n s e ,  sp eed  o f  in form ation  p r o c e s s in g , an d  problem  s o lv in g .  
S u b jects  b e g in  a t  th e  e a s i e s t  l e v e l  and a d v a n c e  a s  th e y  m aster each  
l e v e l .  M astery c r ite r io n  i s  n in e ty  p e r c e n t  c o r r e c t  r esp o n d in g  w ith in  
an e x e r c i s e .  The e x c e p t io n s  to  t h i s  a r e  d e sc r ib e d  in  A ppend ix  C. 
The DCAR system  h a s  s ix t y - t h r e e  program s ea ch  w ith  l e v e l ,  l e n g t h ,  
f e e d b a c k , an d  sp e e d  s e t t in g s  p r o v id in g  v a r io u s  d e g r e e s  o f d i f f ic u lty  
w ith in  e a ch  p rogram . D e sc r ip tio n s  o f  th e  program s u sed  in  t h i s  
s tu d y  a r e  p r o v id e d  in  A p pend ix  D. The DCAR system  i s  a ls o  
d e s ig n e d  for  u se  in  p a t ie n t s '  hom es.
S co r in g
The DCAR p a ra m eters  o f p a r t ic u la r  in t e r e s t  to  t h i s  s tu d y  a r e  
sh o rt-term  an d  lo n g -term  m em ory. The v e r b a l  memory s e r ie s  in c lu d e s
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f i v e  sh ort-term  memory program s (R C l, RC2, RC4, VMl, VM2/ and  
VM3) an d  tw o lo n g -term  memory p rogram s (VM4 an d  VMS). The 
lo n g -te rm  memory program s a ls o  h a v e  sh ort-term  memory com ponents. 
The n o n v e r b a l s e r ie s  in c lu d e s  th r e e  short-m em ory program s (NVMl, 
NVM2, an d  NVM3) an d  tw o lo n g -term  memory program s (NVM4 and  
NVM5), w h ich  a ls o  h a v e  sh o rt-term  memory com p on en ts. A ppendix E 
i l lu s t r a t e s  th e  h ie r a r c h y  o f  th e  v e r b a l  an d  n o n v e r b a l memory s e r ie s .
Each s u b je c t  o b ta in e d  a sc o re  for  e a ch  o f  th e s e  memory 
p a ra m eters  b a sed  upon h is /h e r  l e v e l  o f  a c h iev e m en t on th e  DCAR 
system  (See A p pend ix  F fo r  d ir e c t io n s  for  sc o r in g  an d  an  exam p le  o f  
s c o r in g ) .  T h is sc o r e  w as th e  d e p e n d en t v a r ia b le  and w as d e r iv e d  
v ia  th e  fo llo w in g  m ethod;
1) Each s u b je c t  r e c e iv e d  p o in ts  fo r  co m p letin g  a program , 
p o in ts  fo r  th e  h ig h e s t  l e v e l  o f a ch iev em en t w ith in  a 
program , and  p o in ts  for  h ig h e s t  l e v e l  o f sp eed  or  
co m p lex ity  a c h ie v e d  w ith in  a p rogram .
2) T h ese num bers w ere c a lc u la te d  fo r  e a ch  program  w ith in  a 
param eter  an d  w ere ad d ed  to g e th e r . T h ese  sum s p ro v id ed  
an  a c h iev e m en t sc o re  fo r  t h a t  p a ra m eter .
3) T h is  sco re  w as th e n  d iv id e d  by th e  t o t a l  number o f  
e x e r c is e s  (or  t im es  th e  p erson  w orked on th e  
program s) w h ich  y ie ld e d  an  o v e r a l l  a ch iev em en t  
sc o re  (th e  d ep e n d en t v a r ia b le ) .
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T h is sc o r in g  sy stem  w as d e v ise d  b y  th e  au th or  a f te r  
c o n s u lta t io n  w ith  Dr. M eyerin k . I t  i s  b a sed  upon th e  h ie r a r c h ic a l  
a rra n g em en t o f  p rogram s and  le v e ls -w ith in -p r o g r a m s  w hich i s  
c h a r a c te r is t ic  o f  th e  DCAR sy s te m . The com p letion  sco re  i s  add ed  to  
a c c o u n t fo r  th e  tw o c la s s i f ic a t io n s  o f  memory rep re sen ted  in  th e  
v e r b a l  and  n o n -v e r b a l  memory p a ra m eters o f th e  DCAR sy stem . In  
th e  tw o p a r a m ete rs , program s 1 , 2 , and  3 a r e  sh ort-term  memory and  
program s 4 an d  5 a r e  lo n g -term  m emory. I t  i s  p o s s ib le ,  th e r e fo r e , 
for  a  su b je c t  to  f a i l  to  com p lete  program  3 (th e  m ost d i f f ic u lt  
program  in  sh ort-term  memory) b u t be a b le  to  com p lete  program  4 
(th e  l e a s t  d i f f i c u l t  program  in  lo n g -term  m em ory).
In d e p e n d e n t V a r ia b le s
The fo llo w in g  in d e p e n d e n t  v a r ia b le s  w ere u sed  in  th e  
s t a t i s t i c a l  a n a ly s is  o f  t h i s  s tu d y ;
a ) A le a r n in g  v a r ia b le  d e r iv e d  from th e  f ig u r e  and  s to r y  
memory com ponents o f  th e  W echsler Memory S c a le s . (A p p en d ix  B 
d e s c r ib e s  th e s e  t e s t s . )  H eaton , C h elu n e , and  L eh m an 's (1978) 
v e r s io n  fo r  a d m in is te r in g  th e s e  t e s t s  i s  u sed  in  th e  ex p a n d ed  HRB 
w h ich  a llo w s  a s u b je c t  up to  f iv e  t r i a l s  to  le a r n  th e  m a ter ia l to  an  
e s ta b l is h e d  c r ite r io n . The le a r n in g  v a r ia b le ,  th e r e fo r e , w ould e q u a l  
t o t a l  p o in ts  a c h ie v e d  on th e  memory s c a le s  d iv id e d  by th e  num ber o f  
t r i a l s ,  w here t r i a l s  a r e  c o n tin u ed  u n t i l  f i f te e n  b it s  o f in form ation  
a r e  le a r n e d  and r e c a lle d  in  a s in g le  t r i a l ,  o r  u n t i l  f iv e  t r i a l s  h a v e  
b een  com p le te d .
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b) A le a r n in g  t r i a l s  sc o r e  w h ich  i s  th e  t o t a l  num ber o f t r i a l s  
ta k e n  to  le a r n  an d  r e c a l l  f i f te e n  b it s  o f  in fo r m a tio n .
c )  The p e r c e n t  o f v e r b a l  memory l o s s ,  w h ich  e q u a ls  p o in ts  on 
th e  l a s t  t r i a l  m inus p o in ts  on d e la y e d  r e c a l l ,  d iv id e d  b y  p o in ts  on 
th e  l a s t  t r i a l .
d) The p e r c e n t o f n o n -v e r b a l memory l o s s ,  w h ich  i s  c a lc u la te d  
th e  sam e a s  th e  a b o v e .
e ) Im m ediate r e c a l l ,  w hich i s  th e  num ber o f p o in ts  a c h ie v e d  on  
th e  f i r s t  t r i a l  o f  th e  s to r y  an d  f ig u r e  memory e x e r c is e s  o f th e  
W echsler Memory S c a le s .
f )  I n c id e n ta l  m em ory, w h ich  i s  th e  lo c a t io n  and  memory sc o re  
on th e  T a c tu a l P erform ance T e st  (T F T ). (A p pend ix  B d e sc r ib e s  t h i s  
t e s t .  ) The TPT w as o r ig in a l ly  u sed  b y  H a lstead  a s  a  t a c t i l e  memory 
t e s t  (H a ls te a d , 1 9 4 7 ). C u rr en tly , i t  i s  u sed  a s  a m easure o f  
in c id e n t a l  memory and  i s  a s s o c ia te d  w ith  b r a in  d am age , b u t th e  
p r e c is e  b r a in  m echan ism s in v o lv e d  in  t h i s  a r e  n o t c le a r  (B e rg , 
F ra n ze n , & W edding, 1 9 8 7 ). R e itan  an d  Wolf son (1 9 8 6 ), h ow ever, 
p o s it  t h a t  th e  lo c a l iz a t io n  com p onent o f  th e  TPT i s  one o f  th e  m ost 
s e n s i t iv e  in d ic a to r s  o f  d if fu s e  b r a in  d a m a g e .
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g ) The A v era g e  Im p airm en t R atin g  (AIR; R u sse l e t  a l ,  19 7 4 ),
w h ich  i s  th e  sum o f  th e  C a te g o ry , TPT T o ta l, TPT Memory, TPT
L o ca tio n , R hythm , S p eech , T a p p in g , T r a ils  "B", A p h a s ia , S p a t ia l
R e la t io n s , P e r c e p tu a l, an d  D ig it  Sym bol sc o r e s  on th e  ex ten d ed  HRB, 
d iv id e d  b y  12 (or th e  t o t a l  num ber o f th e s e  t e s t s  co m p leted ). 
A p p en d ices A and  B d e c r ib e  th e s e  t e s t s .
h) Time ( in  m onths) sp e n t  on th e  DCAR sy stem .
i )  A m easu re o f  prem orbid  fu n c t io n in g , w hich  w i l l  b e  th e  
sc o r e s  on th e  In fo rm a tio n , V o c a b u la r y , and  C om prehension su b te s ts  o f  
th e  WAIS-R. (A p p en d ix  B d e s c r ib e s  th e s e  s u b t e s t s . )  Heaton and
P en d leton  (1981) p o s i t  t h a t  th e s e  sc o r e s  p r o v id e  a m easure o f  
" g e n e ra l fu n d  o f k n o w led g e  t h a t  h a s  been  a c q u ir ed  in  sch o o l and  
from d iv e r s e  s o c ia l  e x p e r ie n c e s ."
j )  Time p o s t - in ju r y  m easured  in  com p lete  m onths, from in ju r y  
to  s t a r t in g  d a te  on th e  DCAR sy s te m .
k) The num ber o f  t im es  th e  s u b je c t  w orked on th e  v e r b a l  
program s d iv id e d  b y  th e  t o t a l  num ber o f e x e r c is e s  w orked on in  th e  
DCAR system  (V erb a l E x e r c ise  R a tio ) .
1) The num ber o f  t im es th e  s u b je c t  w orked on th e  n o n v e r b a l  
p rogram s d iv id e d  b y  th e  t o t a l  num ber o f e x e r c is e s  worked on in  th e  
DCAR system  (N o n v erb a l E x e r c ise  R a tio ) .
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m) The t o t a l  num ber o f  t r i a l s  w orked on for  a l l  DCAR 
p ro g ra m s, w h ich  d e p en d s on th e  le n g th s  o f th e  program s (See  
A p p en d ix  G) .
V a lid ity  o f  In d e p e n d e n t V a r ia b le s
The H a ls te a d -R e ita n  N e u r o p sy c h o lo g ic a l B a ttery  h a s  been  
e x te n s iv e ly  r e s e a r c h e d , p r im a r ily  w ith  s tu d ie s  in v o lv in g  com p arison s  
o f b r a in -d a m a g e d  p e o p le  w ith  c o n tr o l s u b je c ts  who do n o t h a v e  a 
h is to r y  o f  b r a in - in ju r y . R eitan  an d  Wolf son  (1986) p ro v id e  a l i s t  o f  
v a l id i t y  s tu d ie s  p e r ta in in g  to  th e  HRB and em p h a size  t h a t  t h i s  
b a tte r y  i s  r o u t in e ly  em p loyed  in  c l in i c a l  e v a lu a t io n s  o f  
b r a in -b e h a v io r  r e la t io n s h ip s .
P r ig a ta n o  (1978) d e s c r ib e s  th e  s tr e n g th s  an d  w e a k n esse s  o f th e  
W echsler Memory S c a le s  (WMS). He rep o r ts  t h a t  d e sp ite  i t s  poor
s ta n d a r d iz a t io n , th e  WMS h a s  d em on stra ted  "a f a ir  am ount o f
r e l ia b i l i t y  and v a l id i t y  a s  a m easu re o f sh o r t-te r m , v e r b a l memory" 
an d  "a r e la t iv e ly  c o n s ta n t  fa c to r  stru c tu re"  for  p s y c h ia tr ic  and  
n e u r o lo g ic a l  p a t ie n ts  (P r ig a ta n o , 1 9 7 8 ).
The W echsler A d u lt I n te l l ig e n c e  S c a le -R e v ise d  (W AIS-R), 
p u b lish e d  in  1981, r e p la c e d  th e  1955 WAIS, and v a l id i t y  o f  th e
WAIS-R h a s  r e l ie d  on v a l id i t y  r e se a r c h  o f  th e  1955 v e r s io n  
(K aufm an, 19 8 5 ). S in ce  th e  two form s d if fe r  w ith  r e sp e c t  to  th e ir
n orm s, Kaufman (1985) s u g g e s t s  t h a t  v a l id i t y  r e se a r c h  be in c r e a s e d  
fo r  th e  WAIS-R an d  t h a t  e v id e n c e  o f  c o n s tr u c t  v a l id i t y  for  t h i s  t e s t  
be s o u g h t  in  fa c to r  a n a ly t ic  s t u d ie s .  He a ls o  e m p h a size s  th a t  th e
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r e l ia b i l i t y  o f  th e  WAIS-R, both t e s t - r e t e s t  an d  s p l i t - h a l f ,  h a s  been
" im p r e ss iv e . "
R e g re ss io n  A n a ly s is
A m u ltip le  r e g r e s s io n  a n a ly s is  w as u sed  to  exam in e  w hether or  
n o t th e  in d e p e n d e n t  v a r ia b le s  co u ld  p r e d ic t  p erform an ces on th e  
DCAR memory p ro g ra m s. T hree a n a ly s e s  w ere p erform ed . The f i r s t  
w as an  o v e r a l l  a n a ly s is ;  h en ceforth  to  be re ferred  to  a s  th e  
com p lete  a n a ly s i s ,  w h ich  in v o lv e d  a l l  s u b je c ts . The secon d  w as an  
a n a ly s is  on j u s t  th o s e  su b je c ts  w ith  a c lo s e d -h e a d  in ju r y  (C H I). 
The th ir d  w as an  a n a ly s is  on s u b je c ts  who w ere more th a n  tw e lv e  
m onths p o s t - in ju r y  ( P I ) .  T h is la t t e r  a n a ly s is  i s  b a sed  on th e
a ssu m p tio n  t h a t  m ost sp o n ta n eo u s  r e c o v e r y  h a s  occu rred  a f te r  one  
y e a r  p o s t - in ju r y .
In  e a ch  o f  th e s e  a n a ly s e s ,  th e  fo llo w in g  p ro ced u res w ere  
p erform ed . The v e r b a l  d e p e n d en t v a r ia b le  w as r e g r e sse d  on 1) th e  
num ber o f  v e r b a l  le a r n in g  t r i a l s  (V LT), 2) th e  a v e r a g e  b it s  o f  
v e r b a l  in fo rm a tio n  le a r n e d  o v er  th e s e  t r i a l s  (VBITS), 3) v e r b a l
memory lo s s  (VML), 4) v e r b a l  im m ed ia te  r e c a l l  (V IR ), 5) in c id e n ta l  
memory (IM ), 6) th e  AIR, 7) prem orbid  sc o r e  (PREM), 8) Time on th e  
DCAR in  m onths (TIM E), 9) t o t a l  num ber o f t r i a l s  on th e  DCAR 
(TRLS), 10) th e  r a t io  o f  v e r b a l  e x e r c is e s  to  t o t a l  num ber o f  
e x e r c is e s  (VEXR), an d  11) tim e p o s t - in ju r y  in  m onths ( P I ) .  The 
n o n v e r b a l d ep e n d en t v a r ia b le  w as r e g r e s s e d  on 1) th e  num ber o f  
n o n v e r b a l le a r n in g  t r i a l s  (NVLT), 2) th e  a v e r a g e  b it s  o f n o n v e r b a l
in fo r m a tio n  le a r n e d  o v e r  th e s e  t r i a l s  (NVBITS), 3) n o n v e r b a l memory
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l o s s  (NVML), 4) n o n v e r b a l im m ed ia te  r e c a l l  (N V IR ), 5) in c id e n ta l  
memory (IM ), 6) th e  AIR, 7) prem orbid  sc o re  (PREM), 8) Time on th e  
DCAR in  m onths (TIM E), 9) t o t a l  num ber o f t r i a l s  on th e  DCAR
(TRLS), 10) th e  r a t io  o f  n o n v e r b a l e x e r c is e s  to  t o t a l  number o f  
e x e r c is e s  (NVEXR), a n d  11) tim e p o s t - in ju r y  in  m onths (P I ) .
The num ber o f le a r n in g  t r i a l s ,  a v e r a g e  b it s  o f in form ation  
le a r n e d , memory l o s s ,  im m ed iate  r e c a l l ,  in c id e n ta l  memory, and  AIR 
sc o re s  a r e  d if fe r e n t  for  p r e -  and  p o s t -  m ea su res . B ut, th e  
prem orbid  s c o r e , tim e on th e  DCAR in  m onths, t o t a l  num ber o f t r i a l s  
on th e  DCAR, r a t io  o f  e x e r c is e s  to  t o t a l  num ber o f e x e r c is e s ,  and  
tim e p o s t - in ju r y  a r e  th e  sam e for  th e  p r e -  an d  p o s t -  m easu res . 
T h rou gh ou t t h i s  p a p e r , th e s e  r e g r e s s io n s  w i l l  be re ferred  to  a s  th e  
p r e -  an d  p o s t -  v a r ia b le  r e g r e s s io n s  e v en  th o u g h  th e r e  a r e  o th er
ty p e s  o f  v a r ia b le s  in c lu d e d  in  th e  r e g r e s s io n s .
The v e r b a l  an d  n o n v e r b a l r e g r e s s io n s  w ere perform ed on th e  
p r e -  a n d  p o s t -  b a tte r y  s c o r e s , b u t th e  in c id e n ta l  memory, AIR, 
p rem orb id  sc o r e . Time on th e  DCAR, t o t a l  num ber o f  t r i a l s  on th e
DCAR, an d  tim e p o s t - in ju r y  w ere th e  sam e for  both v e r b a l  and  
n o n v e r b a l r e g r e s s io n s .  In  a d d it io n , a s  m entioned a b o v e , th e  
prem orbid  sc o r e . Time on th e  DCAR, t o t a l  num ber o f t r i a l s  on th e
DCAR, tim e p o s t - in ju r y , an d  r a t io  o f  v e r b a l  or n o n v er b a l e x e r c is e s  
to  t o t a l  num ber o f  e x e r c is e s  a r e  th e  sam e for  th e  p r e -  and  p o s t­
r e g r e s s io n s .  For a sum m ary o f  a l l  r e g r e s s io n s ,  s e e  A ppend ix  H.
The v e r b a l  d ep e n d en t v a r ia b le  w as a ls o  r e g r e sse d  upon w heth er  
or n o t th e  s u b je c t  p a r t ic ip a te d  in  a n y  ty p e  o f  th e r a p y  ( in d iv id u a l ,  
n=23; g r o u p , n=3)? or r e h a b il i ta t io n  o th er  th a n  th e  DCAR in  a
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s u p e r v is e d  se t± in g  (n = 2 ), an d  w h eth er  or n o t th e  s u b je c t  had been  
u n co n sc io u s  for  more th a n  tw e n ty -fo u r  h ou rs fo llo w in g  in ju r y . Two 
s u b je c ts  p a r t ic ip a te d  in  in d iv id u a l  and group  th e r a p y ,  
s im u lta n e o u s ly . The n o n v e r b a l in d e p e n d e n t  v a r ia b le  w as r e g r e s s e d  
upon th e  p a r t ic ip a t io n  in  th e r a p y  and  le n g th  o f  u n c o n sc io u sn e ss  
g r e a te r  th a n  24 h ou rs v a r ia b le s  a ls o .
G ain sc o r e s  w ere c a lc u la te d  for  both v e r b a l  and  n o n v e r b a l
b a tte r y  sc o r e s  ( le a r n in g  t r i a l s ,  b it s  le a r n e d , memory lo s s ,  im m ed iate
r e c a l l ,  in c id e n t a l  m em ory, an d  th e  A IR ). T h is w as done b y
su b tr a c t in g  th e  p r e -b a t te r y  sc o r e  from th e  p o s t-b a tte r y  s c o r e . The 
g a in  s c o r e s  w ere r e g r e s s e d  upon th e  v e r b a l  d ep en d en t v a r ia b le  and  
n o n v e r b a l d ep e n d en t v a r ia b le .
The d e p e n d en t v a r ia b le  w as c a lc u la te d  w ith  and w ith o u t a
com p letion  sc o re  ( s e e  A p pend ix  F ) .  Each o f th e  a b o v e  v e r b a l  and  
n o n v e r b a l r e g r e s s io n s  w as done fo r  th e  v e r b a l  d ep en d en t v a r ia b le  
w ith  a n d  w ith o u t a com p letion  sc o r e  (VDVC, VDVNC) an d  fo r  th e  
n o n v e r b a l d e p e n d en t v a r ia b le  w ith  an d  w ith o u t a com p letion  sc o re  
(NVDVC, NVDVNC).
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C hapter 3 
RESULTS
S u b je c t E lim in a tio n
Of th e  42 s u b je c ts  u sed  for  t h i s  s tu d y , 41 w ere a v a i la b le  fo r  
a l l  a n a ly s e s .  One s u b je c t  w as rem oved from th e  s tu d y  b eca u se  o f  
u n r e l ia b le  p o s t -b a t te r y  sc o r e s  due to  th e  s u b je c t 's  d i f f ic u lty  
r em a in in g  a le r t  d u r in g  th e  p o s t -b a t te r y  t e s t in g .  In  th e  v e r b a l  
a n a ly s e s  (C om plete, CHI, and  P I ) ,  tw o su b je c ts  w ere e lim in a te d , one  
b e c a u se  th e  su b je c t  h ad  don e l i t t l e  work on th e  v e r b a l  program s and  
one w h ose v e r b a l  d e p e n d en t v a r ia b le  w as u n u s u a lly  h ig h , c a u s in g  
t h i s  su b je c t  to  be an  o u t l ie r .  In  th e  n o n v e r b a l a n a ly s e s  (C om plete, 
CHI, an d  P I ) ,  n in e  s u b je c ts  w ere rem oved b e c a u se  th e y  had done  
l i t t l e  work on th e  n o n v e r b a l p ro g ra m s. T hese su b je c ts  g e n e r a lly  
com p leted  l e s s  th a n  150 e x e r c is e s  an d  had  u n u s u a lly  h igh  n o n v er b a l  
d e p e n d en t v a r ia b le s .
Com plete A n a ly s is  
V erb a l
T h ir ty -n in e  s u b je c ts  w orked on th e  v e r b a l  memory program s o f  
th e  DCAR. Of t h e s e  39 , tw o s u b je c ts  w ere rem oved (se e  S u b ject  
E lim in a tio n ) a n d , in  th e  f i n a l  a n a ly s i s ,  th e r e  w ere 37 su b je c ts .
R e g re ss io n  o f  th e  v e r b a l  d e p e n d en t v a r ia b le  (both  w ith th e  
co m p letio n  sc o re  an d  w ith o u t th e  com p letion  sco re ) on th e  p r e -b a t te r y  
sc o r e s  r e v e a le d  a s ig n i f i c a n t  s y s te m a t ic  r e la t io n s h ip  betw een  th e s e
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sc o r e s  an d  th e  v e r b a l  d ep e n d en t v a r ia b le ,  w ith  com p letion , 
F (1 1 ,2 5 ) = 2 .8 6 , 2 < .0 5  and  w ith o u t co m p letio n , F ( l l ,2 5 ) = 2 .7 6 ,  £ < .0 5 .  
T here w a s a ls o  a s ig n i f i c a n t  s y s te m a tic  r e la t io n s h ip  betw een th e  
g a in  sc o r e  on th e  AIR and  th e  v e r b a l  d ep en d en t v a r ia b le ,  w ith  
c o m p le tio n , F (1 ,3 5 )  = 7 .0 9 , £ < .0 5 , and  w ith o u t com p letion  F (1 ,3 5 ) = 7 .3 7 , 
£ < .0 5 .
T here w ere no s ig n i f i c a n t  r e la t io n s h ip s  betw een  th e  v e r b a l  
d e p e n d e n t v a r ia b le  (w ith  or w ith o u t com p letion  sco re ) and p o st  
s c o r e s , o th er  g a in  s c o r e s ,  or p a r t ic ip a t io n  in  th e r a p y /u n -  
c o n sc io u sn e s s  > 24 h ou rs v a r ia b le s .  See T a b les  1 , 2 , and  3.
A s te p w is e  r e g r e s s io n  w as perform ed on th e  p r e -  and p o s t­
sc o r e s  w ith  th e  v e r b a l  d e p e n d en t v a r ia b le s  (w ith  and  w ith ou t  
c o m p le t io n ) . U sin g  th e  .01  s ig n if ic a n c e  l e v e l  fo r  e n te r in g  v a r ia b le s  
an d  th e  .05  l e v e l  fo r  rem ovin g  v a r ia b le s ,  th e  AIR w as c o n s is te n t ly  
th e  m ost im p o rta n t p r e d ic to r  o f  p erform ance on th e  v e r b a l  memory 
program s o f  th e  DCAR. The p r e d ic t io n  e q u a tio n s  a re;
Y =.2 3 - .0 7 (p re  AIR sc o re ) w ith  co m p letio n , R^=.41
2Y = .2 0 - .0 6 (p re  AIR sc o re ) w ith o u t co m p letio n , R = .37
2Y =.2 2 - .0 7 (p o s t  AIR sc o re )  w ith  co m p letio n , R = .35
2Y=. 1 8 - .0 6 (p o s t  A ir sc o re )  w ith o u t co m p letio n , R = .31
2
The a v e r a g e  p re  AIR e q u a tio n  i s ,  Y = .2 2 - .0 7 (p r e  AIR), R = .3 6 .
The p r e d ic te d  d e p e n d en t v a r ia b le  sc o r e s  w ere c a lc u la te d  b y
s u b s t itu t in g  th e  pre-A IR  sc o r e s  in to  th e  a v e r a g e  e q u a tio n . T h ese  
p r e d ic te d  s c o r e s  (X -a x is )  w ere p lo tte d  a g a in s t  th e  a c tu a l  v e r b a l  
d e p e n d e n t v a r ia b le s  ( Y - a x i s ) .  See F ig u r e s  1 and  2 .
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T a b le  1
V e r b a l  C o m p le te  P r e -  an d  P o s t -  A n a l y s i s
n= 37
R e g r e s s i o n F -V a lu e
D e p e n d e n t  V a r i a b l e  w i t h  
C o m p le t io n  on  P r e  S c o r e s
2 .8 6 *
D e p e n d e n t  V a r i a b l e  w i t h o u t  
C o m p le t io n  on P r e  S c o r e s
2 .7 6 *
D e p e n d e n t  V a r i a b l e  w i t h  
C o m p le t io n  on P o s t  S c o r e s
2 .0 8 ^ ^
D e p e n d e n t  V a r i a b l e  w i t h o u t  
C o m p le t io n  on P o s t  S c o r e s
2 .2 4 ^ ^
T a b le  2
V e r b a l  C o m p le te  T h e r a p y - U n c o n s c io u s n e s s  > 24 H ours A n a ly s i s
n= 37
R e g r e s s i o n F -V a lu e
D e p e n d e n t  V a r i a b l e  w i t h  
C o m p le t io n  on P a r t i c i p a t i o n  
i n  T h e r a p y - U n c o n s c io u s n e s s  
> 24 H ou rs V a r i a b l e s
1 .4 4 ^ ^
D e p e n d e n t  V a r i a b l e  w i t h o u t  
C o m p le t io n  on P a r t i c i p a t i o n  
i n  T h e r a p y - U n c o n s c io u s n e s s  
> 24 H o u rs  V a r i a b l e s
1 .1 2 ^ ^
N S - N o n s i g n i f i c a n t * -  .0 5  S i g n i f i c a n c e  L e v e l
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T a b le  3
V e r b a l  C o m p le te  G a in  S c o r e  A n a l y s i s
n = 37
R e g r e s s i o n F -V a lu e
L e a r n in g  T r i a l s  G a in  on  
D e p e n d e n t  V a r i a b l e  
W ith  C o m p le t io n  
W ith o u t  C o m p le t io n 2 : : : :
B i t s  o f  I n f o r m a t io n  L e a r n e d  
G a in  on  D e p e n d e n t  V a r i a b l e  
W ith  C o m p le t io n  
W ith o u t  C o m p le t io n
Memory L o s s  G a in  on  
D e p e n d e n t  V a r i a b l e  
W ith  C o m p le t io n  
W ith o u t  C o m p le t io n I : : : :
Im m e d ia te  R e c a l l  G a in  
on  D e p e n d e n t  V a r i a b l e  
W ith  C o m p le t io n  
W ith o u t  C o m p le t io n 2 : 2 2 -
I n c i d e n t a l  Memory G a in  
on D e p e n d e n t  V a r i a b l e  
W ith  C o m p le t io n  
W ith o u t  C o m p le t io n : : : : :
AIR G a in  on  D e p e n d e n t  
V a r i a b l e
W ith  C o m p le t io n  
W ith o u t  C o m p le t io n
7 . 0 9 *
7 . 3 7
N S - N o n s i g n i f i c a n t  *= .0 5  S i g n i f i c a n c e  L e v e l
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Figure 1 - Verbal Complete Analysis dependent 
variable (with completion) versus the predicted
value of the verbal dependent variable.
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■g F ig u r e  2 -  V e r b a l C om p lete  A n a ly s i s  d ep en d en t
I v a r ia b le  ( w ith o u t  c o m p le t io n )  v e r s u s  th e  p r e d ic t e d(/)'
5 v a lu e  o f  th e  v e r b a l  d e p e n d e n t v a r i a b l e .
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I t  a p p e a r s  from t h i s  g ra p h  t h a t  an AIR o f 1 .7 0  (m ild  to  
m oderate im p airm en t) or  l e s s  i s  r e la te d  to  a d ep en d en t v a r ia b le  
sc o re  o f  .15  or b e tter  (w ith  com p letion ) or .12  or b e tter  (w ith o u t  
c o m p le t io n ) . T a b le  4 d e sc r ib e s  th e  m eans an d  r a n g e s  o f  th e
d e p e n d en t an d  in d e p e n d e n t  v a r ia b le s .  (The AIR d e c r e a se s  a s  
s e v e r i ty  o f  im p a irm en t d e c r e a s e s .)  L a s t ly , i t  i s  e v id e n t  from t h i s  
a n a ly s i s  t h a t  th e  com p letion  sc o r e  d id  n o t s ig n if ic a n t ly  a f fe c t  th e  
outcom es o f  th e  a n a ly s i s .
Com plete A n a ly s is  
N on verb a l
Of th e  41 s u b je c ts  u sed  fo r  t h i s  s tu d y , 38 worked on th e
n o n v e r b a l program s o f  th e  DCAR. Of th e s e  38, n in e  had  to  be  
rem oved ( s e e  S u b je c t E lim in a tio n ) . In  th e  f i n a l  a n a ly s i s ,  th e r e  w ere  
29 s u b je c t s .
T here w ere no s y s te m a t ic a l ly  s ig n if ic a n t  r e la t io n s h ip s  betw een  
th e  n o n v e r b a l d e p e n d e n t v a r ia b le  (w ith  an d  w ith o u t com p letion  sc o re )  
and  th e  p r e -  an d  p o s t -  b a tte r y  s c o r e s , th e  g a in  s c o r e s ,  or th e
p a r t ic ip a t io n  in  th e r a p y /u n c o n s c io u s n e s s  > 24 hours v a r ia b le s  (See  
T a b le s  5 , 6 , a n d  7 ) .  T here w as a ls o  no c o n s is te n t  p r e d ic to r
v a r ia b le  in  th e  s te p w is e  r e g r e s s io n  for  th e  p r e -  and p o s t­
r e g r e s s io n s .  T here w ere , h o w ev er , v a r ia b le s  w hich d id  a p p ea r  a t  
s ig n i f i c a n t  l e v e l s  in  s p e c i f ic  r e g r e s s io n s .  In  th e  s te p w ise  r e g r e s s io n  
w ith o u t th e  com p letion  s c o r e , th e  num ber o f t r i a l s  on th e  DCAR 
(TRLS) w as th e  m ost c o n s is te n t  p r e d ic to r  v a r ia b le  on th e  p r e -  and
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T a b le  4 -  V e r b a l  C o m p le te  A n a l y s i s  (n = 3 7 )
V a r i a b l e R an ge S t d .  D ev . Mean
D e p e n d e n t V a r i a b l e . 0 0 - . 2 9 .0 8 . 1 2
W ith  C o m p le t io n
D e p e n d e n t V a r i a b l e . 0 0 - . 2 5 . 07 . 1 0
W ith o u t  C o m p le t io n
L e a r n in g p r e 1 - 5 2 3
T r i a l s p o s t 1 - 5 1 2
B i t s p r e 2 . 8 - 1 7 . 3 3 .1 1 2 . 8
L e a r n e d p o s t 4 . 8 - 1 8 . 5 3 . 6 1 3 .4
Memory p r e 0 - 1 0 0 28 30
L o s s p o s t 0 - 1 0 0 27 23
Im m e d ia te p r e 0 . 5 - 1 7 4 .4 9 .6
R e c a l l p o s t 3 . 5 - 1 8 . 5 4 .7 1 1 .3
I n c i d e n t a l  p r e 2 - 1 8 4 8 .7
M emory p o s t 3 - 1 9 4 1 0 .3
AIR p r e 0 . 4 2 - 4 . 1 8 .7 8 1 .7 4
p o s t 0 . 2 5 - 3 . 4 2 . 6 6 1 .4 3
T im e on  t h e  DCAR 2 - 2 7 6 9 .9
T im e P o s t - I n j u r y 2 - 3 3 6 63 36
P r e m o r b id S c o r e 1 7 - 4 5 7 28
E x e r c i s e R a t io 0 . 0 4 - 0 . 5 6 . 1 1 .2 8
T o t a l  Number 6 9 7 2 - 2 3 4 4 2 5 3 9 5 1 9 4 8 3 0 2
o f  T r i a l s
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T a b le  5
N o n v e r b a l  C o m p le te  P r e -  and  P o s t -  A n a l y s i s
n = 29
R e g r e s s i o n F—V a lu e
D e p e n d e n t  V a r i a b l e  w i t h  
C o m p le t io n  on  P r e  S c o r e s
1 .5 4 ^ S
D e p e n d e n t  V a r i a b l e  w i t h o u t  
C o m p le t io n  on  P r e  S c o r e s
1 .5 6 ^ ^
D e p e n d e n t  V a r i a b l e  w i t h  
C o m p le t io n  on P o s t  S c o r e s
1 .4 5 ^ S
D e p e n d e n t  V a r i a b l e  w i t h o u t  
C o m p le t io n  on P o s t  S c o r e s
1 .3 0 ^ ®
T a b le  6
N o n v e r b a l  C o m p le te  T h e r a p y - U n c o n s c io u s n e s s  > 24 H ours
A n a l y s i s
n= 29
R e g r e s s i o n F -V a lu e
D e p e n d e n t  V a r i a b l e  w i t h  
C o m p le t io n  on  P a r t i c i p a t i o n  
i n  T h e r a p y - U n c o n s c io u s n e s s  
> 24 H ou rs V a r i a b l e s
1 .5 4 ^ ®
D e p e n d e n t  V a r i a b l e  w i t h o u t  
C o m p le t io n  on P a r t i c i p a t i o n  
i n  T h e r a p y - U n c o n s c io u s n e s s  
> 24 H o u rs V a r i a b l e s
1 .7 6 ^ ^
N S - N o n s i g n i f i c a n t
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T a b le  7
N o n v e r b a l  C o m p le te  G a in  S c o r e  A n a l y s i s
n= 29
R e g r e s s i o n F -V a lu e
L e a r n in g  T r i a l s  G a in  on  
D e p e n d e n t  V a r i a b l e  
W ith  C o m p le t io n  
W ith o u t  C o m p le t io n ::::::
B i t s  o f  I n f o r m a t io n  L e a r n e d  
G a in  on  D e p e n d e n t  V a r i a b l e  
W ith  C o m p le t io n  
W ith o u t  C o m p le t io n
M emory L o s s  G a in  on  
D e p e n d e n t  V a r i a b l e  
W ith  C o m p le t io n  
W ith o u t  C o m p le t io n
Im m e d ia te  R e c a l l  G a in  
on  D e p e n d e n t  V a r i a b l e  
W ith  C o m p le t io n  
W ith o u t  C o m p le t io n
I n c i d e n t a l  Memory G a in  
on D e p e n d e n t  V a r i a b l e  
W ith  C o m p le t io n  
W ith o u t  C o m p le t io n g j : :
AIR G a in  on  D e p e n d e n t  
V a r i a b l e
W ith  C o m p le t io n  
W ith o u t  C o m p le t io n
N S - N o n s i g n i f i c a n t
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p o s t -  r e g r e s s io n . T h is  w as u s in g  th e  .01  s ig n if ic a n c e  le v e l  fo r  
e n te r in g  v a r ia b le s  an d  th e  .05  l e v e l  fo r  rem oving  v a r ia b le s .  For 
th e  s te p w is e  r e g r e s s io n s  w ith  th e  com p letion  sc o r e , th e  AIR and Time 
on th e  DCAR (TIME) w ere th e  m ost c o n s is te n t  p red ic to r  v a r ia b le s  on 
th e  p r e -  an d  p o s t -  r e g r e s s io n s .  T h is  w as u s in g  th e  .04 s ig n if ic a n c e  
l e v e l  fo r  e n te r in g  v a r ia b le s  an d  th e  .05  l e v e l  fo r  rem oving  
v a r ia b le s .  The p r e d ic t io n  e q u a tio n s  a re:
Y = .16-.00001(T R L S) p re  w ith o u t co m p letio n , R^=.24 
Y=. 1 6 -.0 0 0 0 1  ( TRLS) p o s t  w ith o u t co m p letio n , R^=.24 
Y =.2 5 - .0 1  (T IM E )-.0 3 (Pre AIR) p re  w ith  co m p letio n , R^=.35 
Y =.2 6 - .0 4 (P o st  A I R )- .004(TIME) p o s t  w ith  co m p letio n , R^=.38 
S in ce  th e r e  w as no c o n s is t e n t  p r e -b a tte r y  v a r ia b le ,  a  grap h  w as n ot  
p lo tte d  fo r  t h i s  a n a ly s i s .
F in a l ly ,  t h i s  a n a ly s is  d id  a p p ea r  to  be a ffec ted  by th e  
com p letion  sc o re  in  t h a t  d if fe r e n t  p red ic to r  v a r ia b le s  w ere rem oved  
a c c o r d in g  to  w h eth er or n o t th e  com p letion  sc o re  w as ad d ed  to  th e  
d e p e n d en t v a r ia b le .  When th e  com p letion  sc o r e  w as a d d ed , th e  m ost
c o n s is t e n t  p r e d ic to r  v a r ia b le s  w ere th e  Time on th e  DCAR and th e
AIR ( a t  th e  .01  l e v e l  o f  s ig n if ic a n c e  for  e n te r in g  v a r ia b le s  and th e  
.05  l e v e l  fo r  rem o v a l o f  v a r ia b le s ) .  When th e  com pletion  sc o re  w as 
n o t a d d ed  to  th e  d e p e n d e n t v a r ia b le ,  th e  t o t a l  number o f  T r ia ls  w as  
th e  m ost c o n s is te n t  p r e d ic to r  v a r ia b le  (u s in g  th e  sam e s ig n if ic a n c e  
l e v e l s ) .  See T a b le  8  fo r  a l i s t  o f  th e  r a n g e s  an d  m eans o f th e
d e p e n d e n t an d  in d e p e n d e n t  v a r ia b le s  for  t h i s  a n a ly s is .
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T a b le  8  -  N o n v e r b a l  C o m p le te  A n a l y s i s  (n = 3 7 )
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V a r i a b l e R an ge S t d .  D ev. Mean
D e p e n d e n t  V a r i a b l e  
W ith  C o m p le t io n
D e p e n d e n t  V a r i a b l e  
W ith o u t  C o m p le t io n
L e a r n in g  p r e
T r i a l s  p o s t
B i t s  p r e
L e a r n e d  p o s t
M emory p r e
L o s s  p o s t
I m m e d ia te  p r e
R e c a l l  p o s t
I n c i d e n t a l  p r e
Memory p o s t
AIR p r e
p o s t
T im e on  t h e  DCAR
Tim e P o s t - I n j u r y
P r e m o r b id  S c o r e
E x e r c i s e  R a t io
T o t a l  Number 
o f  T r i a l s
. 0 4 - . 3 2  .0 8
. 0 4 - . 2 3  .0 5
1 - 5  2
1 - 5  2
3 . 2 - 1 8  3 .7
3 - 1 8  3 .4
0 - 1 0 0  22
0 - 1 0 0  23
2 - 1 8  4 .4
3 - 1 8  4 .2
2 - 1 8  4
3 - 1 9  4
0 . 4 2 - 4 . 1 8  .8 1
0 . 2 5 - 3 . 4 2  .7 1
4 - 2 7  6
2 - 3 3 6  61
1 7 - 4 5  7
. 0 2 - . 6 4  .1 2
8 2 4 2 - 2 3 4 4 2 5  4 1 9 3 0
.1 5
. 1 2
4
2
1 1 .5
1 3 .2
25
17
9 .1
1 1 .9
8 . 6
1 0 . 2
1 .6 3
1 .3 5
1 0 . 8
30
28
. 2 1
5 5 0 1 1
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C losed-H ead  In ju r y  A n a ly s is  
V erb a l
T h ir ty —one s u b je c ts  w ere c lo s e d —h ead  in ju r y  p a t ie n ts  who 
w orked on th e  v e r b a l  memory DCAR p ro g ra m s. Of th e s e  31, 
tw e n ty -n in e  w ere u sed  fo r  th e  f i n a l  CHI v e r b a l  a n a ly s i s .  (Two 
su b je c ts  w ere e lim in a te d ;  s e e  S u b ject E lim in a tio n ) .
T here w ere no s ig n i f ic a n t  sy s te m a tic  r e la t io n s h ip s  betw een  th e  
d e p e n d en t v a r ia b le  (w ith  an d  w ith o u t com p letion ) and th e  p r e -  and  
p o s t-  v a r ia b le s ,  th e  g a in  sc o re  v a r ia b le s ,  or th e  p a r t ic ip a t io n  in  
th e r a p y /u n c o n s c io u s n e s s  > 24 h ou rs v a r ia b le s  (See T a b les 9 , 10, an d  
1 1 ) . In  th e  s te p w is e  r e g r e s s io n s ,  th e r e  w as one c o n s is te n t  p red ic to r  
v a r ia b le .  U sin g  th e  .01  s ig n if ic a n c e  l e v e l  to  e n te r  v a r ia b le s  and  
th e  .0 5  l e v e l  to  rem ove v a r ia b le s ,  th e  num ber o f le a r n in g  t r i a l s  
(VLT) w a s th e  m ost c o n s is te n t  p r e d ic to r  o f  perform ance on th e  v e r b a l  
d e p e n d e n t v a r ia b le .  The p r e d ic t io n  e q u a tio n s  a re;
Y =.2 3 - .0 3 (p re  VLT) w ith  co m p letio n , R^=.41 
Y =.2 0 - .0 3 (p re  VLT) w ith o u t co m p letio n , R^=.35 
Y =.2 1 - .0 3 (p o s t  VLT) w ith  co m p letio n , R^=.36 
Y=. 1 8 - .0 3 (p o s t  VLT) w ith o u t co m p letio n , R^=.34 
The a v e r a g e  e q u a tio n  for  th e  p r e - le a r n in g  t r i a l s  i s ,  Y = .2 2 - .0 3 (p re  
V LT), R^=.38. The p r e d ic te d  v a lu e s  o f  th e  v e r b a l  d ep en d en t  
v a r ia b le s  b a sed  upon th e  p r e -v e r b a l  le a r n in g  t r i a l s  sc o r e s  w ere  
c a lc u la te d  and p lo tte d  a g a in s t  th e  a c tu a l  v a lu e s  o f th e  v e r b a l  
d e p e n d e n t v a r ia b le s  (See F ig u r e s  3 an d  4 ) .  T hese g r a p h s  r e v e a l  
t h a t  m ost s u b je c ts  who le a r n e d  v e r b a l  in fo rm a tio n  to  c r ite r io n  in  2
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T a b le  9
47
V e r b a l  CHI P r e -  an d  P o s t
n= 29
-  A n a l y s i s
R e g r e s s i o n F -V a lu e
D e p e n d e n t  V a r i a b l e  w i t h  
C o m p le t io n  on  P r e  S c o r e s
2 . 2 0 ^^
D e p e n d e n t  V a r i a b l e  w i t h o u t  
C o m p le t io n  on P r e  S c o r e s
2 .1 9 ^ ^
D e p e n d e n t  V a r i a b l e  w i t h  
C o m p le t io n  on P o s t  S c o r e s
1 .3 0 ^ ^
D e p e n d e n t  V a r i a b l e  w i t h o u t  
C o m p le t io n  on  P o s t  S c o r e s
1 .4 5 ^ ^
T a b le  10
V e r b a l  CHI T h e r a p y - U n c o n s c io u s n e s s  > 24 H ou rs A n a l y s i s
n=29
R e g r e s s i o n F -V a lu e
D e p e n d e n t  V a r i a b l e  w i t h  
C o m p le t io n  on  P a r t i c i p a t i o n  
i n  T h e r a p y - U n c o n s c io u s n e s s  
> 24 H ou rs V a r i a b l e s
3 .3 4 ^ ^
D e p e n d e n t  V a r i a b l e  w i t h o u t  
C o m p le t io n  on  P a r t i c i p a t i o n  
i n  T h e r a p y - U n c o n s c io u s n e s s  
> 24 H o u rs  V a r i a b l e s
2 .7 7 ^ ^
N S- N o n s i g n i f i c a n t
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V e r b a l  CHI G a in  S c o r e  A n a l y s i s
n= 29
R e g r e s s i o n F -V a lu e
L e a r n in g  T r i a l s  G a in  on  
D e p e n d e n t  V a r i a b l e  
W ith  C o m p le t io n  
W ith o u t  C o m p le t io n
B i t s  o f  I n f o r m a t io n  L e a r n e d  
G a in  on  D e p e n d e n t  V a r i a b l e  
W ith  C o m p le t io n  
W ith o u t  C o m p le t io n
M emory L o s s  G a in  on  
D e p e n d e n t  V a r i a b l e  
W ith  C o m p le t io n  
W ith o u t  C o m p le t io n g ; : : :
I m m e d ia te  R e c a l l  G a in  
on D e p e n d e n t  V a r i a b l e  
W ith  C o m p le t io n  
W ith o u t  C o m p le t io n g : : : :
I n c i d e n t a l  Memory G a in  
on D e p e n d e n t  V a r i a b l e  
W ith  C o m p le t io n  
W ith o u t  C o m p le t io n h : : :
AIR G a in  on  D e p e n d e n t  
V a r i a b l e
W ith  C o m p le t io n  
W ith o u t  C o m p le t io n
N S - N o n s i g n i f i c a n t
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F ig u r e  3 -  V e r b a l CHI A n a ly s is  d e p e n d en t v a r ia b le  
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th e  v e r b a l  d e p e n d e n t v a r i a b l e .
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5. Figure 4 - Verbal CHI Analysis dependent variable
% (without completion) versus the predicted value of
the verbal dependent variable.
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t r i a l s  or l e s s  o b ta in e d  a v e r b a l  d ep en d en t v a r ia b le  o f .15  or b e tter  
(w ith  com p letion ) or . 1 2  or b e tter  (w ith o u t c o m p le tio n ).
In  th e  p a r t ic ip a t io n  in  th e r a p y /u n c o n sc io u sn e s s  > 24 h ou rs  
s te p w is e  r e g r e s s io n , th e  u n c o n sc io u sn e ss  > 24 h ou rs v a r ia b le  w as a 
s tr o n g e r  p r e d ic to r  v a r ia b le  a t  th e  . 0 1  s ig n if ic a n c e  l e v e l  fo r  e n tr y  
an d  .05  l e v e l  fo r  rem o v a l o f v a r ia b le s ;  h ow ever, i t  accou n ted  fo r  
l e s s  th a n  tw e n ty -p e r c e n t  o f  th e  v a r ia n c e .  The p red ic tio n  e q u a t io n s  
are:
Y = .1 6 -.0 7 (u n c> 2 4 ) w ith  co m p letio n , R^=.19 
Y = .1 4 -.0 6 (u n c> 2 4 ) w ith o u t co m p letio n , R^=.17 
T a b le  12 c o n ta in s  th e  r a n g e s  an d  m eans o f  d ep en d en t an d  
in d e p e n d e n t  v a r ia b le s  fo r  th e  v e r b a l  CHI a n a ly s i s .  A lso , i t  a p p ea r s  
t h a t  in  t h i s  CHI a n a ly s i s  th e  com p letion  sc o re  d id  n ot s ig n if ic a n t ly  
a f fe c t  th e  o u tcom es-
C losed -H ead  In ju r y  A n a ly s is  
N o n v erb a l
Of th e  30 c lo s e d -h e a d  in ju r y  s u b je c ts  who worked on th e  
n o n v e r b a l memory program s o f th e  DCAR, 22 w ere u sed  in  t h i s  
a n a l y s i s . ( E ig h t  s u b je c ts  w ere rem oved ; s e e  S u b ject E lim in a tion  ) .
T here w ere no s ig n i f i c a n t  sy s te m a tic  r e la t io n sh ip s  betw een  th e  
n o n v e r b a l d ep e n d en t v a r ia b le  (w ith  a n d  w ith o u t com p letion ) an d  th e  
p re— an d  p o s t -  v a r ia b le s ,  th e  g a in  sco re  v a r ia b le s ,  or th e  
p a r t ic ip a t io n  in  th e r a p y /u n c o n s c io u s n e s s  > 24 h ou rs v a r ia b le s  (See  
T a b le s  13 , 14 , an d  1 5 ) .  S tep w ise  r e g r e s s io n  on th e  p r e -  and  p o s t -
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DEPENDENT AND INDEPENDENT VARIABLES
MEANS AND RANGES
T a b le  12 -  V e r b a l  CHI A n a l y s i s  ( n = 2 9 )
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V a r i a b l e R an ge S t d .  D ev . Mean
D e p e n d e n t  V a r i a b l e  
W ith  C o m p le t io n
D e p e n d e n t  V a r i a b l e  
W ith o u t  C o m p le t io n
L e a r n in g
T r i a l s
B i t s
L e a r n e d
Memory
L o s s
Im m e d ia te
R e c a l l
p r e
p o s t
p r e
p o s t
p r e
p o s t
p r e
p o s t
I n c i d e n t a l  p r e
Memory
AIR
p o s t
p r e
p o s t
T im e on  t h e  DCAR
Tim e P o s t - I n j u r y
P r e m o r b id  S c o r e
E x e r c i s e  R a t io
T o t a l  Number 
o f  T r i a l s
. 0 0 - . 2 9  . 0 8
. 0 0 - . 2 5  . 0 7
1 - 5  2
1 - 5  2
2 . 8 - 1 7  4 . 1
4 . 8 - 1 8 . 5  3 . 8
0 - 1 0 0  29
0 - 1 0 0  30
0 . 5 - 1 7  4 . 7
3 . 5 - 1 8 . 5  5 . 1
3 - 1 8  4
3 - 1 9  4
0 . 4 2 - 2 . 9 2  . 7 4
0 . 2 5 - 2 . 6 6  . 6 4
3 - 2 7  5
2 - 2 2 5  42
1 8 - 4 5  8
. 0 4 - . 5 6  . 1 1
6 9 7 2 - 2 3 4 4 2 5  4 4 0 5 0
. 1 3
.11
3
2
1 2 . 4
1 3 . 0
30
24
9 . 3
1 0 . 9
9 
11
1 . 6 2
1 . 3 7
10  
30 
27 
. 2 6  
4 8 8 4 2
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Table 13
N o n v e r b a l  CHI P r e -  an d  P o s t -  A n a l y s i s
n = 2 2
R e g r e s s i o n F -V a lu e
D e p e n d e n t  V a r i a b l e  w i t h  
C o m p le t io n  on  P r e  S c o r e s
1 . 3 4 ^ ^
D e p e n d e n t  V a r i a b l e  w i t h o u t  
C o m p le t io n  on  P r e  S c o r e s
I . 5 4 NS
D e p e n d e n t  V a r i a b l e  w i t h  
C o m p le t io n  on  P o s t  S c o r e s
1 . 7 8 ^ ^
D e p e n d e n t  V a r i a b l e  w i t h o u t  
C o m p le t io n  on  P o s t  S c o r e s
2 . 0 0 ^®
T a b le  14
N o n v e r b a l  CHI T h e r a p y - U n c o n s c io u s n e s s  > 24 H ours
A n a l y s i s
n = 2 2
R e g r e s s i o n F -V a lu e
D e p e n d e n t  V a r i a b l e  w i t h  
C o m p le t io n  on P a r t i c i p a t i o n  
i n  T h e r a p y - U n c o n s c io u s n e s s  
> 24 H ou rs V a r i a b l e s
1.57*^®
D e p e n d e n t  V a r i a b l e  w i t h o u t  
C o m p le t io n  on  P a r t i c i p a t i o n  
i n  T h e r a p y - U n c o n s c io u s n e s s  
> 24 H o u rs V a r i a b l e s
2 . 4 8 N S
N S - N o n s i g n i f i c a n t
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54Table 15
N o n v e r b a l  CHI G a in  S c o r e  A n a l y s i s
n = 2 2
R e g r e s s i o n F -V a lu e
L e a r n in g  T r i a l s  G a in  on  
D e p e n d e n t  V a r i a b l e  
W ith  C o m p le t io n  
W ith o u t  C o m p le t io n
0 . 7 2 ^ f
0 . 4 1 ^ ®
B i t s  o f  I n f o r m a t io n  L e a r n e d  
G a in  on  D e p e n d e n t  V a r i a b l e  
W ith  C o m p le t io n  
W ith o u t  C o m p le t io n
M emory L o s s  G a in  on  
D e p e n d e n t  V a r i a b l e  
W i t h  C o m p le t io n  
W ith o u t  C o m p le t io n
I m m e d ia te  R e c a l l  G a in  
on D e p e n d e n t  V a r i a b l e  
W ith  C o m p le t io n  
W ith o u t  C o m p le t io n
I n c i d e n t a l  M emory G a in  
on D e p e n d e n t  V a r i a b l e  
W ith  C o m p le t io n  
W ith o u t  C o m p le t io n
AIR G a in  on  D e p e n d e n t  
V a r i a b l e
W ith  C o m p le t io n  
W ith o u t  C o m p le t io n
N S - N o n s i g n i f i c a n t
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v a r ia b le s  r e v e a le d  one c o n s is te n t  p r e d ic to r  v a r ia b le ,  t h a t  o f tim e  
w orked on th e  DCAR (TIME).  T h is  w as u s in g  th e  .01 s ig n iü c a n c e
le v e l  fo r  e n te r in g  v a r ia b le s  and  th e  .05  l e v e l  fo r  rem oving
v a r ia b le s .  The p r e d ic t io n  e q u a tio n s  a re:
Y = .25-.01(T IM E ) p re  w ith  co m p letio n , R^=.41 
Y=. 1 9 - .0 1  (TIME) p re  w ith o u t co m p letio n , R^=.39 
Y = .2 5 - .0 1  (TIME) p o s t  w ith  co m p letio n , R^=.41 
Y=. 1 9 - .0 1  (TIME) p o s t  w ith o u t co m p letio n , R^=.39 
The a v e r a g e  for  a l l  fo u r  e q u a tio n s  i s ,  Y = .22-.01 (T IM E ), R^=.40. The 
p r e d ic te d  v a lu e s  o f  th e  n o n v e r b a l d ep en d en t v a r ia b le s  w ere  
c a lc u la te d  u s in g  th e  a v e r a g e  e q u a tio n  and  p lo tted  a g a in s t  th e  a c tu a l  
n o n v e r b a l d e p e n d en t v a r ia b le s  (See F ig u r e s  5 and  5 ) .
The g r a p h s  I l lu s t r a t e  t h a t  m ost su b je c ts  who worked on th e  
DCAR program s fo r  12 m onths or le s s  o b ta in ed  n o n v er b a l d ep en d en t  
v a r ia b le s  o f  .15  or b e tter  (w ith  com p letion ) or  . 1 2  or b e tter  (w ith o u t  
c o m p le t io n ) . T a b le  16 p r o v id e s  th e  m eans and  a v e r a g e s  o f  th e  
d e p e n d e n t and in d e p e n d e n t  v a r ia b le s  fo r  t h i s  a n a ly s is .  The 
a n a ly s i s  d id  n o t seem to  be s ig n if ic a n t ly  a ffe c te d  b y  th e  com p letion  
sc o r e  a d d it io n .
P o s t-In ju r y  A n a ly s is  
V erb a l
Of th e  s u b je c ts  who w orked on th e  v e r b a l  DCAR memory 
p r o g r a m s, tw e n ty -s e v e n  w ere more th a n  one y e a r  p o s t - in ju r y . Of 
th e s e  2 7 , tw e n ty - s ix  w ere u sed  for  t h i s  a n a ly s i s .  One w as
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I  v a r ia b le  (w ith o u t  c o m p le t io n )  v e r s u s  th e  p r e d ic t e d
p value of the nonverbal dependent variable.
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DEPENDENT AND INDEPENDENT VARIABLES
MEANS AND RANGES
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T a b le  16 -  N o n v e r b a l  CHI A n a l y s i s  ( n = 2 2 )
V a r i a b l e R an ge S t d .  De v . Mean
D e p e n d e n t V a r i a b l e . 0 4 - . 3 2 . 0 8 . 1 6
W ith  C o m p le t io n
D e p e n d e n t V a r i a b l e . 0 4 - . 2 3 . 05 . 1 2
W ith o u t  C o m p le t io n
L e a r n in g p r e 1 - 5 2 3
T r i a l s p o s t 1 - 5 1 2
B i t s p r e 3 . 2 - 1 8 3 . 6 1 2
L e a r n e d p o s t 3 - 1 8 3 . 6 13
Memory p r e 0 - 1 0 0 23 27
L o s s p o s t 0 - 1 0 0 26 17
Im m e d ia te p r e 3 - 1 8 4 . 5 9 . 6
R e c a l l p o s t 3 - 1 8 4 . 3 1 2
I n c i d e n t a l  p r e 4 - 1 8 4 9
Memory p o s t 3 - 1 9 4 1 1
AIR p r e 0 . 4 2 - 2 . 9 2 . 7 0 1 . 4 4
p o s t 0 . 2 5 - 2 . 5 8 . 6 6 1 . 2 3
Tim e on  t h e  DCAR 4 - 2 7 6 1 1
Tim e P o s t - I n j u r y 2 - 6 3 16 2 2
P r e m o r b id S c o r e 1 8 - 4 5 7 28
E x e r c i s e  :R a t io . 0 8 - . 6 4 . 1 2 . 2 3
T o t a l  Number 8 2 4 2 - 2 3 4 4 2 5 4 7 3 5 0 5 7 2 3 6
o f  T r i a l s
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e lim in a te d  for  h a v in g  an  u n u s u a lly  h ig h  v e r b a l d ep en d en t v a r ia b le  
(See S u b je c t  E lim in a tio n ) .
T here w ere no s y s te m a t ic a l ly  s ig n if ic a n t  r e la t io n s h ip s  betw een  
th e  v e r b a l  d ep e n d en t v a r ia b le  (w ith  and  w ith o u t com pletion  sco re )  
an d  th e  p r e -  an d  p o s t -  v a r ia b le s ,  th e  g a in  sco re  v a r ia b le s ,  or th e  
p a r t ic ip a t io n  in  th e r a p y /u n c o n s c io u s n e s s  > 24 h ou rs v a r ia b le s  ( se e  
T a b le s  17 , 18 , an d  1 9 ) .  S tep w ise  r e g r e s s io n  o f  d ep en d en t v a r ia b le s  
on p r e -  and  p o s t -  v a r ia b le s  r e v e a le d  t h a t  th e  AIR w as a c o n s is te n t  
p r e d ic to r  v a r ia b le  (u s in g  th e  . 0 1  s ig n if ic a n c e  l e v e l  fo r  e n te r in g  
v a r ia b le s  and  th e  .05  l e v e l  fo r  rem oving  v a r ia b le s ) .  The p re d ic tio n  
e q u a t io n s  a r e :
Y =.2 2 - .0 6 (p re  AIR) w ith  co m p letio n , R^=.37 
Y =.2 0 - .0 6 (p re  AIR) w ith o u t co m p letio n , R^=.34 
Y = .2 1 - .0 7 (p o s t  AIR) w ith  co m p letio n , R^=.32 
Y=. 1 9 - .0 6 (p o s t  AIR) w ith o u t co m p letio n , R^=.29
2
The a v e r a g e  pre  AIR e q u a tio n  i s ,  Y = .2 1 - .0 6 (p re  AIR) ,  R = . 36 .
P lo ts  o f  th e  p r e d ic te d  v e r b a l  d e p e n d en t v a r ia b le s ,  u s in g  th e  a v e r a g e  
e q u a t io n , an d  th e  a c tu a l  v e r b a l  d ep en d en t v a r ia b le s  (se e  F ig u re s  7 
an d  8 ) r e v e a l  t h a t  m ost s u b je c ts  w ith  p re  AIR sco res  o f  1 .83  (m ild  
to  m oderate im p a irm en t) or l e s s  o b ta in ed  a v e r b a l d ep en d en t  
v a r ia b le  sco re  o f  .16  or b e tter  ( w ith  com p letion ) or .14  or b e tter  
(w ith o u t c o m p le t io n ) . See T a b le  20 for  th e  m eans and a v e r a g e s  o f  
th e  d e p e n d e n t an d  in d e p e n d e n t  v a r ia b le s  for  t h i s  a n a ly s is .  The 
c o m p letio n  sc o r e  a d d it io n  d id  n o t a p p ea r  to  s ig n if ic a n t ly  a f fe c t  th e  
outcom es in  t h i s  a n a ly s i s .
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Table 17
V e r b a l  P I P r e -  and  P o s t -  A n a l y s i s
n=26
R e g r e s s i o n F -V a lu e
D e p e n d e n t  V a r i a b l e  w i t h  
C o m p le t io n  on  P r e  S c o r e s
1 . 8 3 ^ 5
D e p e n d e n t  V a r i a b l e  w i t h o u t  
C o m p le t io n  on P r e  S c o r e s
1  7 3 NS
D e p e n d e n t  V a r i a b l e  w i t h  
C o m p le t io n  on  P o s t  S c o r e s
I . 8 4 NS
D e p e n d e n t  V a r i a b l e  w i t h o u t  
C o m p le t io n  on P o s t  S c o r e s
2 . 0 5 ^ ®
T a b le  18
V e r b a l  P I T h e r a p y - U n c o n s c io u s n e s s > 24 H ours A n a l y s i s
n=26
R e g r e s s i o n F -V a lu e
D e p e n d e n t  V a r i a b l e  w i t h  
C o m p le t io n  on  P a r t i c i p a t i o n  
i n  T h e r a p y - U n c o n s c io u s n e s s  
> 24 H ou rs V a r i a b l e s
0 . 6 3 ^ 5
D e p e n d e n t  V a r i a b l e  w i t h o u t  
C o m p le t io n  on  P a r t i c i p a t i o n  
i n  T h e r a p y - U n c o n s c io u s n e s s  
> 24 H o u rs V a r i a b l e s
O . 6 5 MS
NS-  N o n s i g n i f i c a n t
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61Table 19
V e r b a l  P I G a in  S c o r e  A n a l y s i s
n = 26
R e g r e s s i o n F -V a lu e
L e a r n in g  T r i a l s  G a in  on  
D e p e n d e n t  V a r i a b l e  
W i t h  C o m p le t io n  
W ith o u t  C o m p le t io n ::::::
B i t s  o f  I n f o r m a t io n  L e a r n e d  
G a in  on  D e p e n d e n t  V a r i a b l e  
W ith  C o m p le t io n  
W ith o u t  C o m p le t io n 2 : 3 9 NS
Memory L o s s  G a in  on  
D e p e n d e n t  V a r i a b l e  
W i t h  C o m p le t io n  
W ith o u t  C o m p le t io n
Im m e d ia te  R e c a l l  G a in  
on D e p e n d e n t  V a r i a b l e  
W ith  C o m p le t io n  
W ith o u t  C o m p le t io n
I n c i d e n t a l  M emory G a in  
on D e p e n d e n t  V a r i a b l e  
W ith  C o m p le t io n  
W ith o u t  C o m p le t io n
AIR G a in  on  D e p e n d e n t  
V a r i a b l e
W ith  C o m p le t io n  
W ith o u t  C o m p le t io n ::::::
N S - N o n s i g n i f i c a n t
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Figure 7 - Verbal PI Analysis dependent variable 
(with completion) versus the predicted value of
the verbal dependent variable.
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DEPENDENT AND INDEPENDENT VARIABLES
MEANS AND RANGES
T a b le  20 -  V e r b a l  P I A n a l y s i s  ( n = 2 6 )
64
V a r i a b l e R an ge S t d .  D ev. Mean
D e p e n d e n t  V a r i a b l e  
W ith  C o m p le t io n
D e p e n d e n t  V a r i a b l e  
W ith o u t  C o m p le t io n
L e a r n in g  p r e
T r i a l s  p o s t
B i t s  p r e
L e a r n e d  p o s t
Memory p r e
L o s s  p o s t
I m m e d ia te  p r e
R e c a l l  p o s t
I n c i d e n t a l  p r e
Memory
AIR
p o s t
p r e
p o s t
Tim e on  t h e  DCAR
Tim e P o s t - I n j u r y
P r e m o r b id  S c o r e
E x e r c i s e  R a t i o
T o t a l  Number 
o f  T r i a l s
. 0 0 - . 2 6  . 0 8
0 0 - . 2 5  . 0 8
1 - 5  2
1 - 5  2
2 . 8 - 1 7  4 . 1
4 . 8 - 1 8 . 5  3 . 8
0 - 1 0 0  28
0 - 1 0 0  30
5 - 1 7  4 . 5
3 . 5 - 1 8 . 5  4 . 9
2 - 1 8  4
3 - 1 8  4
0 . 4 2 - 4 . 1 8  . 7 9
0 . 4 2 - 3 . 4 2  . 6 8
2 - 2 7  6
1 3 - 3 3 6  72
1 7 - 4 5  7
. 0 4 - . 5 6  . 1 2
6 9 7 2 - 2 3 4 4 2 5  4 5 7 5 2
.11
. 1 0
3
3
12.1
1 2 . 7
31
28
8 . 7  
1 0 . 5
8
10
1 . 8 4
1 . 5 5
10
49
26
. 2 7
4 8 5 1 1
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P o s t-In ju r y  A n a ly s is  
N o n v erb a l
Of th e  38 s u b je c t s  who w orked on n o n v e r b a l memory p rogram s, 
t w e n t y - s ix  w ere more th a n  one y e a r  p o s t - in ju r y  and 18 w ere u sed  in  
t h i s  a n a ly s i s .  E ig h t  s u b je c ts  w ere e lim in a te d , se v e n  b e c a u se  o f too  
l i t t l e  work on th e  n o n v e r b a l memory program s (See S u b ject  
E lim in a tio n ) , and  1 who w as 336 m onths p o s t - in ju r y  w hich m ade t h i s  
s u b je c t  an  o u t l ie r .
T here w ere no s y s te m a t ic a l ly  s ig n i f ic a n t  r e la t io n s h ip s  betw een  
th e  n o n v e r b a l d e p e n d e n t v a r ia b le  (w ith  an d  w ith ou t com p letion ) and  
th e  p r e -  an d  p o s t -  v a r ia b le s ,  an d  th e  g a in  sco re  v a r ia b le s .  T here  
w a s , h o w ev er , a  s ig n i f ic a n t  r e la t io n s h ip  betw een  th e  n o n v er b a l  
d e p e n d e n t v a r ia b le  an d  th e  p a r t ic ip a t io n  in  th e r a p y /u n c o n sc io u sn e ss  
> 24 h ou rs v a r ia b le s ,  w ith  com p letion  F (2 ,1 5 )= 5 .2 5 , £ < .0 5 , an d
w ith o u t com p letion  F (2 ,1 5 )= 8 .7 7 , £ < .0 5  (See T a b les  21, 22, and 2 3 ) .
S tep w ise  r e g r e s s io n , u s in g  .01  a s  th e  c r ite r io n  fo r  e n te r in g  
v a r ia b le s  an d  .05  a s  th e  c r ite r io n  for  rem oving  v a r ia b le s ,  r e v e a le d  
one s in g le  c o n s is t e n t  p r e d ic to r  v a r ia b le  on th e  p r e -  v a r ia b le  
r e g r e s s io n s  o n ly .  T h is  v a r ia b le  w as tim e on th e  DCAR (TIM E). The 
p r e d ic to r  e q u a t io n s  a r e :
Y = .25-.01(T IM E ) w ith  co m p le tio n , R^=.44 
Y = .18-.01(T IM E ) w ith o u t co m p le tio n , R^=.41 
The a v e r a g e  e q u a tio n  i s ,  Y = .2 2 -.0 1 (T IM E ), R^=.43.
On th e  p o s t -  v a r ia b le  r e g r e s s io n s ,  u s in g  th e  ab o v e  s te p w is e  
p r o c e d u r e , tim e on th e  DCAR (TIM E), n o n v e r b a l le a r n in g  t r i a l s
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N o n v e r b a l  P I P r e -  an d  P o s t -  A n a l y s i s
n= 18
R e g r e s s i o n F -V a lu e
D e p e n d e n t  V a r i a b l e  w i t h  
C o m p le t io n  on  P r e  S c o r e s
0 .9 6 ^ ^
D e p e n d e n t  V a r i a b l e  w i t h o u t  
C o m p le t io n  on  P r e  S c o r e s
1 .0 7 ^ ^
D e p e n d e n t  V a r i a b l e  w i t h  
C o m p le t io n  on  P o s t  S c o r e s
1^7?NS
D e p e n d e n t  V a r i a b l e  w i t h o u t  
C o m p le t io n  on  P o s t  S c o r e s
I . 9 4 NS
T a b le  22
N o n v e r b a l  P I T h e r a p y - U n c o n s c io u s n e s s  > 24 H ours
A n a l y s i s
n= 18
R e g r e s s i o n F -V a lu e
D e p e n d e n t  V a r i a b l e  w i t h  
C o m p le t io n  on  P a r t i c i p a t i o n  
i n  T h e r a p y - U n c o n s c io u s n e s s  
> 24 H ou rs V a r i a b l e s
5 .2 3 *
D e p e n d e n t  V a r i a b l e  w i t h o u t  
C o m p le t io n  on  P a r t i c i p a t i o n  
i n  T h e r a p y - U n c o n s c io u s n e s s  
> 24 H o u rs V a r i a b l e s
8 .7 7 *
N S - N o n s i g n i f i c a n t * -  .0 5  S i g n i f i c a n c e  L e v e l
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N o n v e r b a l  P I G a in  S c o r e  A n a l y s i s
n= 18
R e g r e s s i o n F -V a lu e
L e a r n in g  T r i a l s  G a in  on  
D e p e n d e n t  V a r i a b l e  
W ith  C o m p le t io n  
W ith o u t  C o m p le t io n
B i t s  o f  I n f o r m a t io n  L e a r n e d  
G a in  on  D e p e n d e n t  V a r i a b l e  
W ith  C o m p le t io n  
W ith o u t  C o m p le t io n Q :0 0 «S
Memory L o s s  G a in  on  
D e p e n d e n t  V a r i a b l e  
W ith  C o m p le t io n  
W ith o u t  C o m p le t io n
Im m e d ia te  R e c a l l  G a in  
on D e p e n d e n t  V a r i a b l e  
W ith  C o m p le t io n  
W ith o u t  C o m p le t io n
I n c i d e n t a l  M emory G a in  
on D e p e n d e n t  V a r i a b l e  
W ith  C o m p le t io n  
W ith o u t  C o m p le t io n
AIR G a in  on D e p e n d e n t  
V a r i a b l e
W ith  C o m p le t io n  
W ith o u t  C o m p le t io n
N S - N o n s i g n i f i c a n t
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(NVLT), an d  n o n v e r b a l memory lo s s  (NVML) w ere rem oved a s  
p r e d ic to r  v a r ia b le s .  The p r e d ic to r  e q u a tio n s  a r e :
Y = .3 2 - .0 1  (TIM E)- .0 0 1  (p o s t  NVLT)- .0 0 1  (p o s t  NVML) w ith  com p letion ,
R^=.71
Y = .2 3 - .0 0 4 (TIM E)- . 0 3 (p o s t  NVLT)- .0 0 1  (p o s t  NVML) w ith ou t  
o
com p le t io n , R = . 7 3 
S in ce  th e  le a r n in g  t r i a l s  an d  memory lo s s  v a r ia b le s  a re  p o s t  s c o r e s ,  
th e y  w ere n o t p lo tte d  to  m easure th e ir  p r e d ic ta b il i ty  o f  th e  
d ep e n d en t v a r ia b le .  B u t, th e  tim e  on th e  DCAR v a r ia b le ,  w hich w as  
th e  s o le  p r e d ic to r  fo r  th e  p r e -v a r ia b le  r e g r e s s io n , w as g r a p h e d . 
The p r e d ic te d  n o n v e r b a l d e p e n d en t v a r ia b le s  w ere c a lc u la te d  u s in g  
th e  a v e r a g e  e q u a tio n  an d  p lo tte d  a g a in s t  th e  a c tu a l  n o n v er b a l  
d e p e n d en t v a r ia b le s  (See F ig u r e s  9 and 1 0 ) . T h is grap h  sh ow s t h a t  
m ost s u b je c ts  who w orked on th e  DCAR fo r  12 months or  l e s s  had  
n o n v e r b a l d ep e n d en t sc o r e s  o f  .19  or more (w ith  com p letion ) or .14  
or more (w ith o u t c o m p le tio n ).
A lso , a s te p w is e  r e g r e s s io n  o f  th e  d ep en d en t v a r ia b le s  on th e  
p a r t ic ip a t io n  in  th e r a p y /u n c o n s c io u s n e s s  > 24 h ou rs v a r ia b le s  show ed  
t h a t  th e  th e r a p y  v a r ia b le  w as a s ig n if ic a n t  p r e d ic to r  (u s in g  . 0 1  to  
e n te r  a n d  . 05 t o  rem ove v a r ia b le s  ) .
The p r e d ic t io n  e q u a t io n s  a r e :
Y =.2 1 - .  1 0 (T h era p y ) w ith  co m p letio n , R^=.41
2
Y=. 1 6 - .0 8 (T h era p y ) w ith o u t co m p letio n , R^=.54 
The a v e r a g e  e q u a tio n  i s ,  Y = .1 9 - .0 9 (T h e r a p y ) , R^=.48.
P lo tt in g  th e  p r e d ic te d  d e p e n d en t v a r ia b le s ,  u s in g  th e  a v e r a g e  
e q u a t io n , r e v e a ls  t h a t  s u b je c ts  who w ere in  th e r a p y  g e n e r a l ly
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F ig u r e  9 -  N o n v erb a l PI A n a ly s is  d e p e n d en t v a r ia b le  
(w ith  c o m p le t io n )  v e r s u s  th e  p r e d ic t e d  v a lu e  o f
th e  n o n v e r b a l d e p e n d e n t v a r i a b l e .
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F ig u r e  10 -  N o n v erb a l PI A n a ly s is  d e p e n d en t  
v a r ia b le  (w it h o u t  c o m p le t io n )  v e r s u s  th e  p r e d ic t e d
v a lu e  o f  th e  n o n v e r b a l d ep e n d en t v a r i a b l e .
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o b ta in e d  a n o n v e r b a l d e p e n d en t v a r ia b le  sco re  o f . 1 2  or l e s s ,  w ith  
or w ith o u t co m p letio n . S u b jec ts  who w ere n o t in  th e r a p y  had
n o n v e r b a l d ep e n d en t v a r ia b le  sc o r e s  o f .14 or b e tte r , w ith  or  
w ith o u t com p letion  (See F ig u r e s  11 and 1 2 ) . T ab le  24 p r o v id e s  th e  
m eans an d  r a n g e s  o f  th e  d ep en d en t and  in d e p e n d e n t v a r ia b le s  fo r  
t h i s  a n a l y s i s .  The a d d it io n  o f th e  com p letion  sco re  d id  n o t a f fe c t  
th e  outcom es o f t h i s  a n a ly s i s .
G ain Score A n a ly s is
The g a in  sc o r e s  fo r  le a r n in g  t r i a l s ,  b it s  o f in form ation
le a r n e d , memory l o s s ,  im m ed iate  r e c a l l ,  in c id e n ta l  memory, and th e  
AIR w ere e v a lu a te d  fo r  s ig n if ic a n c e .  A o n e-sa m p le  t - t e s t  w as
perform ed on th e  g a in  sc o re s  for  ea ch  o f th e  ab ove  v a r ia b le s  (See  
T a b les  25 th r o u g h  3 0 ) .
R e su lts  o f  th e s e  t e s t s  r e v e a le d  t h a t ,  for  th e  m ost p a r t ,
im p rovem en ts in  b a tte r y  sc o r e s  from p r e -  to  p o s t -  t e s t in g  w ere  
s ig n i f i c a n t .  The o n ly  n o n - s ig n if ic a n t  r e s u lt s  w ere for  b it s  o f  
in fo rm a tio n  le a r n e d  i n  th e  com p lete  v e r b a l  a n a ly s is ,  b it s  o f  
in fo rm a tio n  le a r n e d  a n d  memory lo s s  for  th e  v e r b a l  CHI a n a ly s is ,  
memory lo s s  fo r  th e  v e r b a l  PI a n a ly s i s ,  and b it s  o f in form ation  
le a r n e d  an d  memory lo s s  on th e  n o n v e r b a l PI a n a ly s is .
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C / ) F ig u r e  11 -  N o n v erb a l PI A n a ly s is  d e p e n d en t  
v a r ia b le  (w ith  c o m p le t io n )  v e r s u s  th e  p r e d ic t e d
v a lu e  o f  th e  n o n v e r b a l d e p e n d en t v a r i a b l e .  T h is  i s
b a sed  upon p a r t i c i p a t i o n  in  t h e r a p y .
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F ig u r e  12 -  N o n v erb a l PI A n a ly s is  d e p e n d en t  
v a r ia b le  ( w ith o u t  c o m p le t io n )  v e r s u s  th e  p r e d ic t e d
v a lu e  o f  th e  n o n v e r b a l d ep e n d en t v a r i a b l e .  T h is  i s
b a se d  upon p a r t i c i p a t i o n  in  t h e r a p y .
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DEPENDENT AND INDEPENDENT VARIABLES
MEANS AND RANGES
Table 24 - Nonverbal PI Analysis (n=18)
74
V a r i a b l e R an ge S t d ,  D ev, Mean
D e p e n d e n t  V a r i a b l e  
W ith  C o m p le t io n
D e p e n d e n t  V a r i a b l e  
W ith o u t  C o m p le t io n
L e a r n in g  p r e
T r i a l s  p o s t
B i t s  p r e
L e a r n e d  p o s t
Memory p r e
L o s s  p o s t
I m m e d ia te  p r e
R e c a l l  p o s t
I n c i d e n t a l  p r e
Memory
AIR
p o s t
p r e
p o s t
T im e on  t h e  DCAR
Tim e P o s t - I n j u r y
P r e m o r b id  S c o r e
E x e r c i s e  R a t i o
T o t a l  Number 
o f  T r i a l s
. 0 4 - . 3 2  . 0 8
. 0 4 - . 2 3  . 0 5
1 - 5  2
1 - 5  2
3 . 2 - 1 8  3 . 9
3 - 1 7  3 .7
0 - 1 0 0  23
0 - 1 0 0  27
2 - 1 8  4 . 7
3 - 1 7  4 . 1
2 - 1 8  4
3 - 1 8  4
0 . 4 2 - 4 . 1 8  . 8 9
0 . 3 3 - 3 . 4 2  . 7 8
4 - 2 7  6
1 3 - 6 3  15
1 7 - 4 5  8
. 0 8 - . 4 6  . 0 9
1 0 8 0 8 - 2 3 4 4 2 5  5 08 3 9
. 1 5
. 1 2
3
3
11.1
1 2 . 2
28
20
8 . 6
1 0 . 5
8
9
1 . 7 9
1 . 5 2
11
26
27
. 2 0
5 8 1 7 8
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GAIN SCORE REGRESSIONS 
T a b le  25 
V e r b a l  C o m p le te  A n a l y s i s  ( n = 3 7 )
75
V a r i a b l e t - V a l u e
L e a r n in g  T r i a l s - 4 . 1 8 * * *
B i t s  L e a r n e d I . 5 4 NS
Memory L o s s - 2 . 2 0 *
Im m e d ia te  R e c a l l 2 . 9 4 * * *
I n c i d e n t a l  Memory 4 . 0 7 * * *
AIR - 7 . 1 6 * * *
T a b le  26
N o n v e r b a l  C o m p le te A n a l y s i s  ( n = 2 9 )
V a r i a b l e t - V a l u e
L e a r n in g  T r i a l s - 4 . 3 1 * * *
B i t s  L e a r n e d 3 . 8 7 * * *
M emory L o s s - 2 . 3 7 *
I m m e d ia te  R e c a l l 4 . 1 0 * * *
I n c i d e n t a l  Memory 3 . 7 5 ***
AIR
***
- 6 . 5 4
* = . 0 5
NS= N o n s i g n i f i c a n t
* * = . 0 2 * * * = . 0 1
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GAIN SCORE REGRESSIONS 
T a b le  27
V e r b a l  CHI A n a l y s i s  ( n = 2 9 )
76
V a r i a b l e t - V a l u e
L e a r n in g  T r i a l s -3.36***
B i t s  L e a r n e d 1  3 7 NS
Memory L o s s -1.62^8
Im m e d ia te  R e c a l l 2 . 35*
I n c i d e n t a l  Memory 3 . 2 4 * * *
AIR - 5 . 2 7 * * *
T a b le  28
N o n v e r b a l  CHI A n a l y s i s { n = 2 2 )
V a r i a b l e t - V a l u e
L e a r n in g  T r i a l s -3.21***
B i t s  L e a r n e d 2 . 6 1 * *
Memory L o s s - 2 . 5 1 * *
Im m e d ia te  R e c a l l 2 . 9 6 * * *
I n c i d e n t a l  Memory 3 . 1 1 * * *
AIR - 4 . 8 4 * * *
* = . 0 5
NS= N o n s i g n i f i c a n t
* * = . 0 2 ***=.01
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GAIN SCORE REGRESSIONS 
T a b le  29
V e r b a l  P I A n a l y s i s  ( n = 2 6 )
77
V a r i a b l e t - V a l u e
L e a r n in g  T r i a l s - 3 . 3 3 * * *
B i t s  L e a r n e d 2 . 2 5 *
M emory L o s s - 1 . 2 2 ^ ^
Im m e d ia te  R e c a l l 3 . 0 0 * * *
I n c i d e n t a l  Memory 4 . 2 1 * * *
AIR - 6 . 1 5 * * *
T a b le  30
N o n v e r b a l  P I A n a l y s i s  ( n = 1 8 )
V a r i a b l e t - V a l u e
L e a r n in g  T r i a l s - 2 . 5 6 *
B i t s  L e a r n e d I . 9 3 NS
Memory L o s s - 1 . 9 3 ^ ^
Im m e d ia te  R e c a l l 2 . 1 6 *
* *
I n c i d e n t a l  Memory 2 . 7 8
AIR - 4 . 8 5 * * *
* = . 0 5
NS= N o n s i g n i f i c a n t
* * = . 0 2 * * * - .01
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C hapter 4 
DISCUSSION
T here a r e  s e v e r a l  d im en sio n s a lo n g  w hich th e  d a ta  from th e s e  
r e s u lt s  may be e x p la in e d . T h ese in c lu d e  th e  o v e r a l l  v e r b a l v e r su s  
n o n v e r b a l d im e n sio n , th e  in t r a —a n a ly s is  v e r b a l  v e r su s  n o n v erb a l  
d im e n sio n , an d  th e  o v e r a l l  in te r  a n a ly s is  d im ension  (Com plete v e r su s  
CHI v e r s u s  P I)
In  e x a m in in g  th e  d if fe r e n c e s  betw een  v e r b a l and n o n v er b a l  
r e s u lt s  a c r o ss  a U  th r e e  a n a ly s e s ,  i t  i s  a p p a r e n t th a t  th e  v e r b a l  
memory sc o re  on th e  DCAR i s  more p r e d ic ta b le  from neuro­
p s y c h o lo g ic a l  b a tte r y  m easu res (th e  AIR and v e r b a l  le a r n in g  t r ia l s )  
th a n  th e  n o n v e r b a l memory sc o r e . The la t t e r  i s  p r e d ic ta b le  from a 
tim e fa c to r  w hich  i s  n o t m easured  in  a n e u r o p sy c h o lo g ic a l b a tte ry  
(tim e w orked on th e  DCAR in  m on th s). From t h i s ,  i t  may be  
c o n c lu d ed  t h a t  v e r b a l  memory e x e r c is e s  on th e  DCAR a r e  more 
s e n s i t iv e  to  n e u r o p s y c h o lo g ic a l  b a tte r y  perform ance th a n  n o n v erb a l 
memory e x e r c i s e s .
A p o s s ib le  e x p la n a t io n  for  t h i s  may be th a t  th e  AIR i s  a 
b e tter  m easu re  a n d , th e r e fo r e , a  b e tter  p red icto r  o f  perform ance on  
v e r b a l  t a s k s  in c lu d in g  memory t a s k s .  T h is i s ,  h o w ev er , n o t  
a p p a r e n t  from  th e  s p e c i f ic  s k i l l s  r eq u ire d  on th e  t e s t s  in c lu d e d  in  
th e  AIR s in c e  v e r b a l  an d  n o n v e r b a l s k i l l s  a r e  rep resen ted  in  t h i s  
m ea su re . V e rb a l le a r n in g  a ls o  seem s to  be a s e n s it iv e  p red ic to r  for  
th e  v e r b a l  d e p e n d e n t v a r ia b le ,  w h erea s n o n v er b a l le a r n in g  i s  n o t a 
s ig n i f i c a n t  p r e d ic to r  o f  th e  n o n v e r b a l d e p e n d en t m easu re. T h is too
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i s  n o t r e a d i ly  e x p la in a b le  e x c e p t  in  term s o f  n e u r o p sy ch o lo g ic a l  
b a tte r y  sc o r e s  b e in g  more p r e d ic t iv e  o f  v e r b a l t a s k s .  F urther  
su p p o r t  fo r  t h i s  e x p la n a t io n  com es from th e  la c k  o f c o n s is te n t  
p r e d ic to r  n e u r o p s y c h o lo g ic a l b a tte r y  v a r ia b le s  for  n o n v erb a l memory 
perform an ce on th e  DCAR.
A nother p o s s ib le  rea so n  for  th e  s ig n if ic a n c e  o f th e  AIR in  
p r e d ic t in g  v e r b a l  perform an ce i s  th a t  th e  v e r b a l com ponents o f th e  
t e s t s  in c lu d e d  in  th e  AIR may m easure v e r b a l s k i l l s  b etter  th a n  th e  
n o n v e r b a l com ponents m easu re n o n v er b a l s k i l l s .  T h is r ea so n in g  
in v o lv e s  an  e m p ir ic a l q u estio n  p e r ta in in g  to  th e  co n ten t v a l id i ty  o f 
th e  t e s t s  u sed  in  th e  AIR.
The v e r b a l-n o n v e r b a l  d ichotom y i s  fu r th e r  su pp orted  in  
com p arin g  th e  r e s u lt s  o f  th e  v e r b a l  and n o n v er b a l in t r a - a n a ly s e s .  
In  th e  v e r b a l  com p lete  a n a ly s i s ,  th e  v e r b a l  d ep en d en t v a r ia b le  i s  
s i g n i f i c a n t ly  an d  s y s te m a t ic a l ly  r e la te d  to  th e  AIR score  a s  w e ll a s  
b e in g  p r e d ic ta b le  from th e  AIR sc o r e . In  th e  n o n v er b a l com plete  
a n a ly s i s ,  no v a r ia b le  ( in c lu d in g  n o n -b a tte r y  sc o re s) i s  c o n s is te n t ly  
p r e d ic t iv e  o f  th e  n o n v e r b a l d ep en d en t v a r ia b le .  A lso , in  th e  CHI 
a n a ly s i s  an d  th e  PI a n a ly s i s ,  th e  v e r b a l d ep en d en t m easures a re  
p r e d ic ta b le  from n e u r o p s y c h o lo g ic a l b a tte r y  s c o r e s , and th e  
n o n v e r b a l d e p e n d en t v a r ia b le s  a r e  c o n s is te n t ly  p r e d ic ta b le  from a  
n o n -b a tte r y  sc o re  (tim e w orked on th e  DCAR).
A nother w ay o f  e x a m in in g  th e  d iffe r e n c e s  betw een th e  v e r b a l  
an d  n o n v e r b a l com p onents o f  a l l  th r e e  a n a ly s e s  i s  by c o n s id er in g  
th e  s p e c i f ic  v e r b a l  an d  n o n v e r b a l memory ta s k s  o f th e  DCAR. The 
v e r b a l  DCAR memory e x e r c is e s  may be more s im ila r  to  th e  v e r b a l
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t a s k s  in  th e  n e u r o p s y c h o lo g ic a l  b a t te r y , w h ereas th e  n o n v er b a l DCAR 
e x e r c is e s  may be l e s s  s im ila r  to  n o n v e r b a l t a s k s  in  th e  
n e u r o p s y c h o lo g ic a l b a t te r y . For e x a m p le , in  th e  v e r b a l memory 
DCAR m od u les, th e r e  i s  one program  w hich in v o lv e s  r eco g n itio n  
(VM4). The o th e r  program s a r e  r e c a l l  e x e r c is e s .  The le a r n in g  
v a r ia b le  (a  m easu re o f  r e c a l l )  i s  a s ig n if ic a n t  p red icto r  o f  th e  
v e r b a l  d e p e n d en t v a r ia b le  in  th e  CHI a n a ly s is  and th e  v e r b a l  
memory ta s k  in  th e  b a tte r y  i s  a r e c a l l  ta s k ;  th e r e fo r e , th e  v e r b a l  
d e p e n d e n t m easure fo r  t h i s  a n a ly s is  may be more s im ila r  to  th e  
b a tte r y  v e r b a l  memory t a s k .  On th e  o th er  h a n d , th e  n o n v erb a l  
d e p e n d e n t v a r ia b le  i s  n o t  p r e d ic ta b le  from th e  n o n v erb a l le a r n in g  
t r i a l s  v a r ia b le .  In  th e  DCAR n o n v er b a l le a r n in g  m od u les, th e  
n o n v e r b a l e x e r c is e s  a r e ,  fo r  th e  m ost p a r t , reco g n itio n  ta s k s  (NVM5 
h a s  a  r e c a l l  co m p o n en t). B u t, th e  n o n v er b a l memory t e s t  in  th e  
n e u r o p s y c h o lo g ic a l  b a tte r y  i s  a r e c a l l  e x e r c is e  w hich in v o lv e s  
d r a w in g  sh a p e s  an d  s iz e s  from memory.
The f i n a l  d im en sion  to  ex a m in e  in  term s o f  th e  r e s u lt s  o f  t h i s  
s tu d y  i s  th e  d if fe r e n c e  betw een  th e  com p lete  a n a ly s is ,  th e  CHI 
a n a ly s i s ,  and  th e  PI a n a ly s i s .  The v e r b a l  com plete a n a ly s is  and  
PI a n a ly s i s  a r e  s im ila r  w ith  r e s p e c t  to  th e  AIR b e in g  th e  s tr o n g e s t  
p r e d ic to r  o f  th e  d ep e n d en t v a r ia b le s  in  th e s e  tw o a n a ly s e s .  In  th e  
v e r b a l  CHI a n a ly s i s ,  h o w ev er , th e  d ep en d en t v a r ia b le  i s  n o t a s  
s tr o n g ly  p r e d ic te d  from th e  AIR b u t i s  c o n s is te n t ly  p r e d ic ta b le  from  
th e  num ber o f  v e r b a l  le a r n in g  t r i a l s .  The n o n v er b a l com p lete  
a n a ly s i s  h a s  no c o n s is t e n t  p r e d ic to r  v a r ia b le s ,  b u t th e  n o n v er b a l  
CHI an d  PI a n a ly s e s  a r e  p r e d ic ta b le  from th e  tim e worked on th e
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DCAR m ea su re . The d if fe r e n c e s  in  th e  th r e e  a n a ly s e s  may be  
e x p la in e d  in  term s o f  m aking su b je c ts  more hom ogeneous b y  g rou p in g  
them  a c c o r d in g  to  a common fa c to r  ( h ea d —in  ju r y , tim e p o st—in  ju r y  ) ,  
th u s  m akin g  th e  s ig n i f i c a n t  p red ic to r  v a r ia b le s  more hom ogeneous 
w ith in  e a ch  a n a l y s i s .  The d if fe r e n c e s  betw een  a n a ly s e s ,  h ow ever, 
a r e  sm a ll  w hich le n d s  a r o b u s tn e ss  to  th e  r e s u lt s  o f th e  p r e d ic t io n s .
The com p letion  sc o re  i s  r e la t iv e ly  u n im p ortan t w ith  r e sp e c t  to  
th e  outcom es in  th e s e  a n a ly s e s  e x c e p t  for  th e  n o n v erb a l com plete  
a n a l y s i s .  The com p letion  sc o re  i s  a r b itr a r y , b u t i s  an a ttem p t to  
q u a n t i t a t iv e ly  a c c o u n t for  com p letion  o f  v a r io u s  program s in  order to  
d if f e r e n t ia te  th o s e  who a r e  a b le  to  com plete program s from th o se  who 
a re  n o t a b le  to  do t h i s .  E v id e n t ly , t h i s  m easure h a s  l i t t l e  b ea r in g  
on outcom e m easu res in  t h i s  s tu d y  b e c a u se  i t  does n o t s ig n if ic a n t ly  
c h a n g e  th e  m agn itu d e  o f  th e  d ep en d en t v a r ia b le  a c r o ss  su b je c ts .
Im p lic a t io n s  fo r  E ff ic a c y  o f  Memory R etra in in g
The g a in  sc o r e  e v a lu a t io n s  show t h a t ,  for  th e  m ost p a r t ,  
s ig n i f i c a n t  g a in s  in  b a tte r y  sc o r e s  a re  o b ta in ed  betw een th e  p r e -  
and p o s t -  n e u r o p s y c h o lo g ic a l  e v a lu a t io n s .  The n o n s ig n if ic a n t  
e x c e p t io n s  to  t h i s  a r e  a v e r a g e  b it s  o f in form ation  le a r n e d  ov er  th e  
le a r n in g  t r i a l s  an d  memory l o s s ,  w h ich  s u g g e s t s  t h a t  th e s e  v a r ia b le s  
do n o t  im p rove  s ig n i f ic a n t ly  in  s p e c if ic  a n a ly s e s  (se e  T a b le s  25 
th ro u g h  30 ) .  The m a jo r ity  o f  th e  b a tte r y  s c o r e s , h o w ev er , do 
im p rove  s ig n i f i c a n t ly .  T h is  p r o v id e s  u s e fu l  in form ation  r e g a r d in g  
th e  e f f ic a c y  o f  th e  DCAR system  b e c a u se  th e  PI a n a ly s is  p resu m ab ly  
d e c r e a s e s  th e  l ik e l ih o o d  t h a t  sp o n ta n eo u s r eco v ery  a cco u n ts for  th e s e
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im p ro v em en ts. S in ce  th e r e  i s  no c o n tro l group w hich d id  n o t work
on th e  DCAR w ith  whom to  com pare th e s e  su b je c ts , a stro n g
c o r r e la t io n  b etw een  th e  DCAR work an d  g a in  in  b a tte ry  sc o r e s  c a n n o t  
be e s ta b l is h e d .
T h ese  r e s u lt s  do p a r t ia l ly  su p p o rt th e  h y p o th e s is  t h a t  su b je c ts  
memory sc o r e s  w i l l  im p rove fo llo w in g  work on th e  DCAR. Im m ediate  
r e c a l l ,  in c id e n t a l  m em ory, and  le a r n in g  t r i a l s  sc o re s  s ig n if ic a n t ly
im p rove  in  a l l  a n a ly s e s  (v e r b a l  and n o n v e r b a l) , b u t s ig n if ic a n t  
g a in s  in  memory lo s s  and a v e r a g e  b it s  o f  in form ation  le a r n e d  i s  
lim ite d  to  s p e c i f ic  a n a ly s e s .  In  th e  v e r b a l a n a ly s e s ,  memory lo s s  
im p ro v es o n ly  fo r  th e  com p lete  a n a ly s is  and b it s  o f in form ation
le a r n e d  im p ro v es o n ly  in  th e  v e r b a l  PI a n a ly s is .  Gain sco res  on  
n o n v e r b a l memory lo s s  an d  b it s  o f in form ation  le a r n e d  a r e  
n o n s ig n if ic a n t  o n ly  fo r  th e  n o n v er b a l PI a n a ly s is .  I t  seem s th a t  
more n o n v e r b a l th a n  v e r b a l  s c o r e s  im prove ev en  th ou gh  none of th e s e  
n o n v e r b a l s c o r e s  a r e  s ig n i f ic a n t  p r e d ic to r s , s u g g e s t in g  a g a in  t h a t  
th e r e  i s  n o t a  d ir e c t  r e la t io n s h ip  betw een n o n v erb a l b a tte r y  
m easu res an d  th e  n o n v e r b a l t a s k s  on th e  DCAR.
The o r ig in a l  h y p o th e s is  t h a t  memory lo s s  w i l l  be th e  s tr o n g e s t  
p r e d ic to r  o f p erform an ce  on th e  DCAR i s  n o t su p p orted  in  t h a t  t h i s  
v a r ia b le  i s  n o t  c o n s is t e n t ly  rem oved a s  a s ig n if ic a n t  p red ic to r  
v a r ia b le  in  a n y  o f  th e  a n a ly s e s .  I n s te a d , th e  AIR and num ber o f  
le a r n in g  t r i a l s  a r e  s ig n i f i c a n t  p r e d ic to r s  fo r  th e  v e r b a l p rogram s, 
an d  no b a tte r y  s c o r e s  a r e  c o n s is te n t ly  stro n g  p red ic to rs  fo r  
n o n v e r b a l program  p erfo rm a n ce .
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In  c o n c lu s io n , e v e n  th o u g h  th e s e  s p e c if ic  h y p o th eses  are  n ot  
t o t a l ly  su p p o r te d , th e  r e s u lt s  s u g g e s t  t h a t  c o g n it iv e  r e h a b ilita t io n  
o f memory may f a c i l i t a t e  im p roved  c o g n it iv e  fu n c tio n in g  in  le a r n in g ,  
in c id e n t a l  m em ory, and  im m ed ia te  r e c a ll ;  w hich w i l l  be r e f le c te d  in  
im p roved  o v e r a l l  b r a in  fu n c t io n in g  e x p r e sse d  in  th e  AIR. The a r ea  
w here i t  may n o t be s ig n i f ic a n t ly  h e lp fu l, m ostly  w ith  v e r b a l  s k i l l s ,  
i s  lo n g -te rm  memory a s  m easured  in  memory lo s s .
Im p lic a t io n s  fo r  C lin ic a l  Use
The p r e d ic t io n  g r a p h s  i l lu s t r a t e  th e  c l in ic a l  p red ic tio n  o f  
p erform an ce on th e  DCAR. T h is i s  lim ited  to  th e  v e r b a l program s in  
t h a t  th e  n o n v e r b a l program  p erform ances a r e  n o t p r e d ic ta b le  from  
b a tte r y  s c o r e s . An AIR o f  1 . 70  or l e s s  (v e r b a l com plete a n a ly s is )  
or 1 .83  or l e s s  (P I a n a ly s is )  p r e d ic ts  w hether or not a su b je c t  w i l l  
sco re  in  th e  u p p er  o n e -h a lf  o f th e  v e r b a l  d ep en d en t v a r ia b le  r a n g e .  
A lso , i f  a c lo s e d -h e a d  in ju r y  su b je c t  ta k e s  tw o t r ia l s  or l e s s  to  
le a r n  in fo rm a tio n  t o  c r ite r io n  in  th e  v e r b a l  memory b a tte ry  m easu re, 
h e /s h e  wi l l  m ost l ik e ly  sc o r e  in  th e  u p p er  o n e -h a lf  o f th e  v e r b a l  
d ep e n d en t v a r ia b le .
For n o n v e r b a l memory p ro g ra m s, s ig n if ic a n t  b a tte ry  p r e d ic t io n s  
c a n n o t be m ade on th e  b a s is  o f  th e s e  d a ta ; h ow ever, p o s t  d a ta  
p r o v id e s  some in t e r e s t in g  in fo rm a tio n . C losed -h ead  in ju r y  and  
p o s t - in ju r y  s u b je c t s ,  who w orked on th e  DCAR tw e lv e  months or l e s s ,  
g e n e r a l ly  sc o re  in  th e  u p p er  o n e -h a lf  o f  th e  n o n v er b a l d ep en d en t  
v a r ia b le  r a n g e . P o s t - in ju r y  su b je c ts  who p a r t ic ip a te  in  some ty p e  
o f th e r a p y  o th er  th a n  th e  DCAR, a r e  m ost l ik e ly  to  sco re  in  th e
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lo w er  on e-h a lE  o f  th e  n o n v e r b a l d ep en d en t v a r ia b le  r a n g e . A 
r e a s o n a b le  e x p la n a t io n  o f  th e s e  r e s u lt s  i s  th a t  su b je c ts  who com plete  
work on th e  DCAR in  l e s s  tim e and  do n o t r e q u ir e  th e ra p y  perform  
b e tter  on th e  n o n v e r b a l program s b e c a u se  th e y  are  l e s s  im p a ire d .
T h ese  v e r b a l  an d  n o n v e r b a l r e s u lt s  a re  c l in ic a l ly  in fo r m a tiv e .  
The r e s u l t s  s u g g e s t  t h a t ,  o v e r a l l ,  p a t ie n ts  who are  m ild ly  to  
m od era te ly  im p a ired  or l e s s  a r e  more l ik e ly  to  do w e ll  on th e  v e r b a l  
memory p ro g ra m s. A lso , c lo s e d -h e a d  in ju r y  p a t ie n ts  are  l ik e ly  to  
perform  b e s t  an d  im p rove  m ost on n o n v er b a l program s w ith in  th e  
f i r s t  tw e lv e  m onths o f  work on th e  DCAR. A lthough th e r a p y  
p a r t ic ip a t io n  in  th e  PI n o n v e r b a l a n a ly s is  i s  s ig n if ic a n t ly  p r e d ic t iv e  
o f p oorer  p erform ance on th e  n o n v er b a l DCAR p rogram s, i t  i s  n o t  
r e a s o n a b le  to  p ro p o se  from t h i s  d a ta  th a t  p sy ch o th era p y  a f fe c ts  
sc o r e s  on th e  n o n v e r b a l d ep e n d en t v a r ia b le s .
Im p lic a t io n s  fo r  F u tu re  R esearch
T h is s tu d y  i s  e x p lo r a to r y  in  t h a t  l i t t l e  r ese a rc h  on th e  outcom e 
of c o g n it iv e  r e tr a in in g  o f  memory h a s  been  rep o rted , e s p e c ia l ly  w ith  
g r o u p s o f s u b je c t s .  The r e s u lt s  s u g g e s t  t h a t  th e r e  i s  s ig n if ic a n t  
c h a n g e  in  n e u r o p s y c h o lo g ic a l  b a tte r y  perform ance by su b je c ts  who 
p a r t ic ip a te  in  t h i s  p a r t ic u la r  c o m p u te r -a ss is te d  r e tr a in in g  program . 
The e x a c t  r e la t io n s h ip  betw een  w orking  on t h i s  system  and c o g n it iv e  
im p rovem en t rem a in s u n k n ow n . A lthough th e  b a tte r y  sc o re s  im p rove  
in  th e s e  s u b je c t s ,  i t  i s  n o t c le a r  i f  an d  how t h is  im provem ent 
a f fe c t s  t h e ir  e v e r y d a y  fu n c t io n in g . P erh ap s im provem ent i s  th e  
r e s u l t  o f  fo c u ss e d  a tte n tio n  on th e  com puter t a s k s  b u t i s  lim ite d  to
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th e s e  t a s k s  an d  d o es n o t c a r r y -o v e r  to  e v e r y d a y  a c t iv i t ie s .  T h is i s  
a n  a r e a  w h ich  n e e d s  to  be e x p lo r e d . In  r e g a r d s  to  c o g n it iv e  
r e h a b i l i t a tio n  r e s e a r c h , a m easure o f  how perform ance on 
c o m p u te r -a s s is te d  program s t r a n s la t e s  in to  c h a n g e s  and im provem ents 
in  e v e r y d a y  fu n c t io n in g  i s  n eed ed .
With r e s p e c t  to  th e  DCAR sy stem , a more p r e c ise  d a ta  c o lle c t io n  
m echanism  i s  n eed ed  to  k eep  tr a c k  o f su ch  m easures a s  e x a c t  tim e  
p a t ie n ts  sp en d  a t  th e  com p u ter, ty p e s  o f  erro rs m ade, rea c tio n  
t im e s , an d  sp ee d  o f  p r o c e s s in g . T h is h a s r e c e n tly  become a v a i la b le  
to  th e  DCAR th ro u g h  im p rovem en ts in  th e  system  w hereby t h i s  ty p e  o f  
d a ta  c a n  be c o lle c te d  an d  sto r ed  a s  th e  p a t ie n t  i s  w orking on th e  
com p u ters .
With d a ta  c o lle c t io n  c a p a b i l i t ie s  su ch  a s  th e  one d escr ib ed  
a b o v e , fu tu r e  r e se a r c h  in  th e  a r e a  o f c o g n it iv e  r e h a b ilita t io n  can  be
g e a r e d  tow ard  c a lc u la t io n  o f  reco v ery  c u r v e s . T h is in form ation  may
be u sed  t o ,  1) c a lc u la t e  th e  r ec o v er y  c u r v e s  o f DCAR h e a d -in ju r y  
p a t ie n t s ,  2) com pare th e s e  rec o v er y  c u r v e s  to  t y p ic a l  sp on tan eou s  
r e c o v e r y  c u r v e s  from p r e v io u s  r e se a r c h  in  t h i s  a r e a , and 3) 
c a lc u la t e  r e c o v e r y  c u r v e s  fo r  s p e c i f ic  n e u r o p sy c h o lo g ic a l t e s t s -  T h is  
d a ta  may a ls o  b e  u sed  to  a n a ly z e  th e  fa c to r s  w hich in f lu e n c e
r e c o v e r y  in c lu d in g  th e  work on th e  DCAR, s e v e r ity  o f h ead  in ju r y ,  
and  o th er  p e r t in e n t  c l i n i c a l  an d  d em ograp h ic  fa c to r s .
Summary
T h is  s tu d y  w as u n d erta k en  t o  in v e s t ig a t e  th e  e ff ic a c y  o f th e  
D e n v e r -A ss is te d  C o g n itiv e  R etra in in g  Program  fo r  rem ed ia tion  of
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v e r b a l  an d  n o n v e r b a l memory im p a irm en t. T hree a n a ly s e s  w ere  
p erform ed , a  com p lete  a n a ly s i s ,  a  c lo s e d -h e a d  in ju r y  a n a ly s is ,  and  
a p o s t - in ju r y  > 12 m onths a n a ly s is .
I t  w as fou n d  t h a t  th e  AIR w as a s ig n if ic a n t  p red ic to r  o f  
p erform an ce  on th e  v e r b a l  d ep en d en t v a r ia b le  for  th e  com plete and  
p o s t - in ju r y  a n a ly s e s .  In  a d d it io n , th e  num ber o f le a r n in g  t r i a l s  
w as a  s ig n i f i c a n t  p r e d ic to r  o f  perform ance on th e  v e r b a l  d ep en d en t  
v a r ia b le  fo r  th e  c lo s e d -h e a d  in ju r y  a n a ly s i s .  B attery  sc o re  
v a r ia b le s  d id  n o t s ig n i f ic a n t ly  p r e d ic t  perform ance on th e  n o n v erb a l 
d e p e n d en t v a r ia b le ;  h o w ev er , am ount o f tim e worked on th e  DCAR 
p rogram s w as s ig n i f ic a n t ly  p r e d ic t iv e  o f  th e  n o n v er b a l d ep en d en t  
m ea su re . T h ese  r e s u lt s  d id  n o t su p p o rt th e  o r ig in a l  h y p o th e s is  t h a t  
memory lo s s  w ould  be a s ig n i f ic a n t  p red icto r  for  th e  v e r b a l and th e  
n o n v e r b a l d e p e n d en t v a r ia b le s .
S ig n if ic a n t  g a in s  in  m ost n o n v e r b a l and v e r b a l  b a tte ry  sc o re s  
w ere a ls o  fo u n d . The e x c e p t io n s  w ere a v e r a g e  b it s  o f in form ation  
le a r n e d  an d  memory l o s s ,  w h ich  w ere m ostly  n o n s ig n if ic a n t  in  th e  
v e r b a l  a n a ly s e s .  O nly th e  n o n v e r b a l p o s t- in ju r y  a n a ly s is  had  a  
n o n s ig n if ic a n t  g a in  on t h e s e  tw o v a r ia b le s .  T hese r e s u lt s  su g g e s te d  
t h a t  s u b je c ts  s ig n i f ic a n t ly  im p rove  on n e u r o p sy c h o lo g ic a l t e s t s  from 
pj-Q_ p o s t— t e s t in g . The d ir e c t  co n tr ib u tio n  o f  th e  DCAR system  to  
t h i s  im p rovem en t rem a in s unknow n and  i s  a q u estio n  for  fu tu r e  
j-0 s e a r c h . A lso , th e s e  r e s u lt s  p a r t ia l ly  su p p orted  th e  o r ig in a l  
h y p o th e s is  t h a t  s u b je c t s '  memory sc o re s  on th e  n e u r o p sy c h o lo g ic a l  
b a tte r y  w ou ld  im p ro v e .
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C o g n itiv e  r e h a b i l i t a t io n  i s  an im p o rta n t, upcom ing area  in  
c l i n i c a l  n e u r o p sy c h o lo g y . T h is a rea  o f c l in ic a l  work i s  in  i t s  
in fa n c y  an d  t h i s  s tu d y  i s  one o f few  w hich  h a s  e v a lu a te d  th e  
e f f ic a c y  o f  c o g n it iv e  r e tr a in in g . Most r e se a r c h  in  t h is  area  h a s  
in v o lv e d  c a s e  s t u d ie s ,  and  more group s tu d ie s  a r e  needed  to  
c o n tin u e  e x p lo r in g  th e  u s e fu ln e s s  o f c o g n it iv e  r e tr a in in g .
W orking on th e  com puter e x e r c is e s  o f th e  DCAR system  p ro v id e s  
p a t ie n ts  w ith  o p p o r tu n it ie s  to  fo c u s  a tten tio n  on c o g n it iv e  ta s k s  in  
an o b je c t iv e  m an n er, w h ich  in c lu d e s  im m ed iate  fe e d b a c k . I t  i s  
f e a s ib le  t h a t  t h i s  p r o c e s s , w hich can  be th o u g h t of a s  ro u g h ly  
p a r a l le l  to  p h y s ic a l ly  e x e r c is in g  m u sc le s , prom otes im provem ent in  
c o g n it iv e  fu n c t io n in g  b e c a u se  i t  i s  h e lp in g  th e  t i s s u e s  o f th e  
in ju r e d  b r a in  c o m p en sa te , a cco r d in g  to  some m echanism , for lo s t  
fu n c t io n in g . I t  i s  im p o r ta n t, h ow ever, to  c o n sid er  th a t  th e  a tten tio n  
p a t ie n ts  r e c e iv e  from , n o t o n ly  t h i s  com puter r e tr a in in g  p r o c e ss , b u t  
from th e  su p e r v is io n  o f  th e  p r o c ess  by tr a in e d  p r o fe s s io n a ls  a n d ,  
som etim es b y  fa m ily  m em bers, h e lp s  p a t ie n ts  f e e l  th e y  a re  a c tu a lly  
e n g a g e d  in  h e lp in g  th e m se lv e s  an d  a r e  r e c e iv in g  s o c ia l  su p p o rt from  
s ig n i f i c a n t  o th e r s  a s  w e ll  a s  " ex p erts ."  T h is may le a d  to  in c r e a se d  
s e lf -e s te e m , in c r e a s e d  c o n fid e n c e  in  o n e 's  a b i l i t i e s ,  a n d , u lt im a te ly ,  
to  im p roved  c o g n it iv e  fu n c t io n in g .
The in c lu s io n  o f  c o g n it iv e  r e tr a in in g  p rogram s, su ch  a s  th e  
DCAR, w ith  r e h a b il i ta t io n  program s com p rised  o f p sy ch o th era p y  
(g ro u p  a n d /o r  i n d iv id u a l ) ,  p h y s ic a l  th e r a p y , o c c u p a tio n a l th e r a p y ,  
sp ee ch  th e r a p y , a n d  l i f e  s k i l l s  r e tr a in in g  i s  im p o rta n t. I t  i s  a ls o  
e s s e n t ia l  t h a t  p a t ie n t s  be in d iv id u a l ly  e v a lu a te d  a s to  w hether or
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n o t c o m p u te r -a s s is te d  c o g n it iv e  r e tr a in in g  i s  a p p ro p r ia te  for them . 
T h is m u lt id is c ip l in a r y  ap p roach  p r o v id e s  an en v iron m en t for  
th o ro u g h  a s s e s sm e n t  an d  i s  m ost l ik e ly  to  le a d  to  g a in s  in  c o g n it iv e  
fu n c t io n in g  t h a t  w i l l  c a r r y -o v e r  in to  e v e r y d a y  a c t iv i t ie s .  Of c o u r se , 
t h i s  i s  s p e c u la t iv e  in  th a t  r ese a rc h  i s  needed  to  c la r ify  th e  
t h e o r e t ic a l  an d  p r a c t ic a l  i s s u e s  in v o lv e d  in  c o g n it iv e  r e tr a in in g ;  
h o w ev er , th e  p r e se n t  s tu d y  le n d s  su p p o rt to  th e  notion  t h a t  
c o m p u te r -a s s is te d  c o g n it iv e  r e tr a in in g  i s  u s e fu l in  s p e c if ic  
c ir c u m sta n c e s  an d  i s  w orthy o f fu r th e r  in v e s t ig a t io n .
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APPENDIX A
Core H a ls te a d -R e ita n  N eu ro p sy ch o lo g ica l B attery
C a teg o ry  T e st  : T h is  i s  a t e s t  o f  a b s tr a c t io n  and lo g ic a l  a n a ly s is
in  w h ich  v a r io u s  f ig u r e s  d if fe r in g  in  sh a p e , s iz e ,  c o lo r , num ber, 
lo c a t io n , a n d  in t e n s i t y  a r e  p ro jected  on a s c r e e n . T hese f ig u r e s  a re  
a c c o r d in g  to  an  a b s tr a c t  p r in c ip le  w hich i s  r e la te d  to  a s e t  
o f k e y s  on a k e y b o a r d . The su b je c t  p r e sse s  th e  k ey  in d ic a t in g  th e  
a p p r o p r ia te  p r in c ip le .  I f  i t  i s  in c o r r e c t , th e  su b je c t  h e a r s  a 
b u z z e r . I f  i t  i s  c o r r e c t , th e  su b je c t  h ea rs a b e l l .
T r a il  M aking T est^ ; T h is  i s  a  t e s t  o f v isuom otor tr a c k in g  and  
v i s u a l  c o n c e p t fo rm a tio n . I t  h as tw o p a r ts . P a rt A h a s  
c o n s e c u t iv e ly  num bered c ir c le s  and P a rt B h a s le t te r s  o f th e  
a lp h a b e t  an d  c o n s e c u t iv e  nu m b ers. The su b je c t  to  co n n ect th e s e  
c ir c le s  in  c o n se c u tiv e  o r d e r . On P a rt B , th e  su b je c t  a lte r n a te s  
betw een  num bers an d  le t t e r s .
T a c tu a l P erform ance T est^ (T P T ); T h is i s  a t e s t  o f t a c t i le  memory.
I t  u s e s  th e  S eq u in -G od d ard  Form board  w hich in c lu d e s  ten  b lo ck s o f  
v a r io u s  s h a p e s .  The su b je c t  i s  b lin d fo ld ed  an d  a sk ed  to  f i t  each  
b lock  in to  th e  a p p r o p r ia te  s lo t  on th e  form board . T h is i s  done  
th r e e  t im e s ;  w ith  th e  p re ferred  h a n d , w ith  th e  non p referred  h a n d , 
an d  w ith  both  h a n d s . At th e  end  o f  th e  t e s t ,  th e  board i s  ta k e n  
a w a y , t h e  b lin d fo ld  i s  rem oved , and th e  su b je c t  i s  a sk ed  to  draw  
th e  s h a p e s  (TPT memory sco re ) and to  p la c e  them a s  th ey  w ere on
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th e  form board  (TPT lo c a t io n  s c o r e ) .  A lso , a sc o re  i s  g iv e n  fo r  th e  
t o t a l  tim e ta k e n  for  a l l  th r e e  t r i a l s  (TPT t o t a l  s c o r e ) .
S e a sh o r e  Rhythm ^: T h is  i s  a  t e s t  o f  n o n v e r b a l a u d ito r y  fu n c t io n in g .
I t  em p lo y s a  ta p e  r e c o r d in g  o f  p a ir s  o f  to n e s .  The su b je c t  l i s t e n s  
to  both  p a ir s  an d  d e c id e s  w h eth er  th e y  a r e  th e  sam e or d if fe r e n t  
from on e  a n o th e r .
S p eech -S o u n d s P ercep tio n ^ ; T h is  i s  a  t e s t  o f  v e r b a l  a u d ito ry  
p e r c e p tio n . The s u b je c t  l i s t e n s  to  a w ord, p resen ted  on a ta p e  
r e c o r d e r , and  i s  a sk e d  to  s e le c t  t h i s  word from a  ty p e d  l i s t  o f  fou r  
w ord s. S ix ty  w ords a r e  p r e se n te d  in  t h i s  t e s t ,  ea ch  w ith  a 
d if f e r e n t  s e t  o f fo u r  w ords from w h ich  to  ch o o se  th e  t a r g e t  w ord.
G rip S tren g th ^ : T h is  i s  a c o m p a ra tiv e  m easure o f perform ance on
both  s id e s  o f  th e  b o d y . The su b je c t  i s  a sk ed  to  sq u eeze  a  
d yn am om eter, f i r s t  w ith  th e  p re ferred  hand  and  th en  th e  
n o n p r e fe rr ed  h a n d . T h is  i s  r e p e a te d  for  tw o t r i a l s  on ea ch  h a n d .
F in g e r  T a p p in g ^ : T h is  i s  a t e s t  o f motor fu n c t io n in g  in  w hich th e
s u b je c t  t a p s  a k e y  t h a t  i s  e s p e c ia l ly  d e s ig n e d  to  record  th e  num ber 
o f  t a p s .  T h is i s  don e for  ten  se c o n d s  an d  i s  perform ed w ith  both  
h a n d s , f iv e  t r i a l s  on ea ch  h a n d .
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A p h a s ia  S creen in g ^ : T h is  i s  t e s t  o f  la n g u a g e  u se  and fu n c t io n in g
w h ich  in c lu d e s  n a m in g , r e p e a t in g , c o p y in g , s p e l l in g ,  r e a d in g , an d  
w r it in g  e x e r c i s e s .  A lso , m a th em a tica l co m p u ta tio n s , in s tr u c t io n  
fo llo w in g  e x e r c i s e s ,  an d  e x p la n a t io n s  o f  s im p le  p h r a se s  a r e  
in c o r p o r a te d  in to  t h i s  t e s t ,  A s p a t ia l  r e la t io n s  m easure i s  o b ta in ed  
from a  c o p y in g  t a s k  in  w h ich  th e  s u b je c t  i s  a sk ed  to  draw  tw o  
Greek c r o s s e s .
S e n s o r y -P e r c e p tu a l Exam®; T h is  i s  a  s e r ie s  o f  t e s t s  m easu rin g  
t a c t i l e ,  a u d ito r y , a n d  v i s u a l  s u p p r e s s io n s . A ssessm en t i s  done b y  
m ea su r in g  p e r c e p tu a l d e f ic i t s  when th e  su b je c t  i s  p resen ted  w ith  
a u d ito r y , v i s u a l ,  an d  t a c t i l e  s t im u li .
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APPENDIX B 
A d d it io n a l T e sts  o f  th e  E xp an d ed  HRB
G rooved P egb oard ^ : T h is  i s  a t e s t  o f  m an u al d e x te r ity .  The
s u b je c t  p la c e s  p e g s  in  h o le s  w ith  th e  p re ferred  h a n d , w ith  th e  
n o n p referred  h a n d , an d  w ith  both  h a n d s . Each o f th e s e  t r a i l s  l a s t s  
fo r  t h ir t y  s e c o n d s .
D ig it  V ig i la n c e :  T h is  i s  a  t e s t  m easu r in g  s u s ta in e d  a tten tio n  and
c o n c e n tr a tio n  to  v i s u a l  in fo r m a tio n . The su b je c t  i s  g iv e n  a p r in te d  
s h e e t  o f  row s o f  num bers an d  i s  a sk e d  to  go  th ro u g h  ea ch  row  
c r o s s in g  o u t  a s p e c if ie d  num ber. T h is i s  a tim ed  t e s t .
S e a sh o re  T o n a l Memory^: T h is  i s  a t e s t  o f s u s ta in e d  a tte n tio n  and
c o n c e n tr a tio n  to  a u d ito r y  in fo r m a tio n . The s u b je c t  i s  p r e se n te d , v ia  
a ta p e  r e c o r d e r , p a ir s  o f  a  s e r ie s  o f  to n e s  in  w hich th e  secon d  
s e r ie s  i s  d if fe r e n t  from th e  f i r s t  s e r ie s  by  one to n e . The su b je c t  i s  
a sk e d  to  id e n t i f y  t h i s  d if fe r e n t  to n e .
S tory  Memory^: T h is  i s  a t e s t  o f  v e r b a l  le a r n in g  and memory in
w h ich  th e  s u b je c t  i s  p r e se n te d  a s h o r t  s to r y  on a ta p e  record er  and  
i s  a sk e d  to  r e p e a t  th e  s to r y  b a c k , rem em bering a s  much a s  h e /s h e  
c a n . T h is  i s  r e p e a te d  u n t i l  th e  s u b je c t  rem em bers f if te e n  b i t s  o f  
in fo r m a tio n  or h a s  com p leted  f iv e  t r i a l s  o f  h e a r in g  an d  r e c a ll in g  th e  
s to r y  ( le a r n in g  p h a s e ) .  Four h o u rs l a t e r ,  th e  su b je c t  i s  a g a in  
a sk e d  to  r e c a l l  a s  much o f th e  s to r y  a s  h e /s h e  ca n  (memory p h a s e ) .
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F ig u r e  Memory^; T h is  i s  a t e s t  o f n o n v e r b a l le a r n in g  and memory. 
The s u b je c t  i s  show n a  s e r ie s  o f  f ig u r e s  and  i s  a sk ed  to  copy  them  
from m em ory. The t e s t  i s  a d m in is te r e d  th e  sam e w ay a s  th e  Story  
Memory T e st.
B oston  N am ing^: T h is  i s  a  t e s t  o f e x p r e s s iv e  la n g u a g e  fu n c tio n in g
in  w h ich  th e  s u b je c t  i s  a sk e d  to  nam e o b je c ts  t h a t  a re  p resen ted  
p ic t o r ia U y .
T h u rsto n e  Word F luency® : T h is  i s  a t e s t  o f  la n g u a g e  fu n c tio n in g
t h a t  h a s  tw o p a r t s .  In  P a r t  A, th e  su b je c t  i s  a sk ed  to  w r ite  a s  
m any w ords (n o t p rop er  n o u n s) a s  h e /s h e  ca n  w hich  b e g in  w ith  a  
s p e c i f ie d  le t t e r .  In  P a r t  B , th e  s u b je c t  i s  a sk ed  to  w rite  a s  many  
fo u r - le t t e r  w ords a s  h e /s h e  c a n  w hich  b e g in  w ith  a sp e c if ie d  le t t e r .
Word F in d in g ^ : T h is  i s  a t e s t  o f  v e r b a l  r ea so n in g  and
p r o b le m -so lv in g  in  w h ich  th e  s u b je c t  i s  p r e se n te d , v ia  ta p e  
r e c o r d e r , a s e r ie s  o f s e n te n c e s  w ith  a  n o n se n se  word su b s t itu te d  fo r  
one o f  th e  w ords in  th e  s e n te n c e . The s u b je c t  m ust d e c id e  w h at  
a c tu a l  w ord w ou ld  f i t  in to  th e  se n te n c e  in  ord er  for  i t  to  m ake 
s e n s e .
W iscon sin  C ard S o r tin g  Test® : T h is  i s  a t e s t  o f a b s tr a c t io n  an d
c o n c e p t  c h a n g in g  a b i l i t i e s .  The s u b je c t  i s  g iv e n  a s e t  o f c a r d s  
w ith  v a r io u s  sym b o ls on th em , w h ich  a ls o  d if fe r  a c co r d in g  to  num ber  
a n d  c o lo r  on a l l  o f  th e  c a r d s .  (No tw o  c a r d s  a r e  a l ik e . )  The
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s u b je c t  i s  a sk e d  to  m atch e a ch  c a r d  w ith  one o f  fo u r  s tim u lu s c a r d s .  
The p r in c ip le  fo r  m atch in g  i s  d eterm in ed  b y  th e  ex a m in er  and  
c h a n g e s  th r o u g h o u t th e  t e s t .  The s u b je c t  m ust d eterm ine t h i s  c h a n g e  
from th e  e x a m in e r 's  fe e d b a c k , w h ich  i s  s im p ly  a r e sp o n se  o f c o r r e c t  
or in c o r r e c t  m a tch in g .
B oston  D ia g n o s t ic  A p h a s ia  Exam : Four a u d ito r y  com p reh en sion
s u b t e s t s ^ : T h ese  fo u r  s u b te s t s  a r e :  Word D isc r im in a tio n , B o d y -P a r t
I d e n t if ic a t io n ,  Com m ands, an d  Com plex I d e a t io n a l  M a ter ia l. They  
a r e  d e s ig n e d  to  a s s e s s  th e  p r e se n c e  o f r e c e p tiv e  d y s p h a s ia  and  
b a s ic a l ly  r e q u ir e  th e  s u b je c t  to  p o in t  to  p ic tu r e s  or p a r ts  o f th e  
b o d y , perform  s im p le  com m ands, and  a g r e e  or d is a g r e e  w ith  
q u e s t io n s  a b o u t o r a l ly  p r e se n te d  s h o r t  s to r ie s .
W ech sler  A d u lt I n t e l l ig e n c e  S ca le -R ev ised ^ : T h is i s  an  in t e l l ig e n c e
t e s t  w h ich  in c lu d e s  e le v e n  s u b te s t s ,  s ix  v e r b a l  and  f iv e  
p erfo rm a n ce . The s u b je c t  r e c e iv e s  a  F u ll  S ca le  IQ sc o r e , a  V erb a l 
IQ s c o r e , and a P erform ance IQ sc o r e  b a sed  upon th e  sc o r e s  on th e s e  
s u b t e s t s .  S in ce  th e  In fo rm a tio n , C om prehension , and V ocab u lary  
s u b te s t s  a r e  u sed  a s  in d e p e n d e n t  v a r ia b le s  in  th e  p r e se n t  s tu d y ,  
th e y  a r e  d e sc r ib e d  b e lo w -
In fo rm a tio n : T h is  i s  a t e s t  d e s ig n e d  to  sa m p le  a s u b je c t 's  g e n e r a l
fu n d  o f  k n o w le d g e . The s u b je c t  i s  a sk e d  to  an sw er  a s e r ie s  o f  
q u e s t io n s .
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C om prehension: T h is  i s  a  t e s t  o f  th e  s u b j e c t ' s  a b i l i t y  to  u se  o ld
k n o w le d g e , and  an a s s e s sm e n t  o f  th e  s u b j e c t ' s  s o c ia l  a w a r en ess  and  
ju d g m en t. The s u b je c t  i s  a sk e d  to  a n sw er  a s e r ie s  o f  q u e s tio n s  
w h ich  r e q u ir e  s o c ia l  ju d g m en t.
V o c a b u la r y : T h is  i s  a  t e s t  o f  word k n o w led g e  c o n s is t in g  o f  w ords
a r r a n g e d  in  o rd er  o f  in c r e a s in g  d i f f i c u l t y .  The su b je c t  i s  a sk ed  to  
e x p la in  o r a l ly  t h e  m ean in g  o f  som e w ord s.
a B e rg , F r a n z e n , & W edding, 1987 
^H eaton & P e n d le to n , 1981 
^H eaton, C h elu n e , & L ehm an, 1978 
^ G o o d g la ss & K a p la n , 1972 
^ L ezak , 1976 
^W echsler, 1981
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APPENDIX C 
M astery C r ite r ia
1 . M astery  c r ite r io n  fo r  th e  fo llo w in g  p rogram s i s  90% co rrec t:
RCl
RC2
RC4
VMl
VM2
NVMl
NVM2
NVM3
2. M astery  c r ite r io n  fo r  th e  fo llo w in g  program  i s :
VM3 -  L e v e ls  1 , 2 , a n d  3 -  an  a v e r a g e  o f  2 .0  t r i a l s
L ev e l 4 -  an  a v e r a g e  o f  2 .5  t r i a l s  
L ev el 5 -  an  a v e r a g e  o f  3 .0  t r i a l s
3 . M astery  c r ite r io n  fo r  th e  fo llo w in g  program s i s  80% on le a r n in g  
an d  90% on memory:
VM4
VMS
NVM4
NVMS
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APPENDIX D 
DCAR P rogram s
A. R e c a ll
The r e c a l l  s e r ie s  i s  d e s ig n e d  to  g iv e  t r a in in g  in  re ten tio n  o f v e r b a l  
in fo r m a tio n  t h a t  c a n  b e  h e ld  in  " im m ediate memory" th ro u g h  s im p le  
r e h e a r s a l .  T h ese  p rogram s a ssu m e a fu n c t io n a l l e v e l  o f
c o n c e n tr a tio n  a b i l i t y  an d  sh o u ld  n o t be u sed  u n t i l  th e  p a t ie n t  i s  a t  
l e a s t  p a r t-w a y  th r o u g h  th e  c o n c e n tr a tio n  p rogram s.
1 . R e c a ll 1: A llow s an im m ed iate  r e sp o n se by ty p in g o f s im p le
num ber or le t t e r  se q u e n c e s a s  soon  a s  th e y d isa p p e a r from th e
s c r e e n .
2 . R e c a ll 1-A: The sam e a s  RCl e x c e p t  i t  u s e s  num ber se q u e n c e s
o n ly .
3 . R e c a ll 1-B : The sam e a s  RCl e x c e p t  i t u s e s  le t t e r se q u e n c e s
o n ly .
4 . R e c a ll 2: R eq u ires e x te n d e d  r e h e a r s a l o f number or le t t e r
se q u e n c e s  b efore a llo w in g  a r e sp o n se  b y  ty p in g th e  se q u e n c e .
5 . R e c a ll 2-A: The sam e a s  RC2 e x c e p t  i t  u s e s  num ber se q u e n c e s
o n ly .
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6 . R e c a ll  2-B ; The sam e a s  RC2 e x c e p t  i t  u se s  le t te r  se q u en ce s  
o n ly .
7 . R e c a ll 4 : R eq u ires e x te n d e d  r e h e a r s a l  a s  w e ll a s  some 
s im u lta n e o u s  p r o c e s s in g . The r e sp o n se  in v o lv e s  ty p in g  num ber or  
l e t t e r  se q u e n c e s  in  r e v e r s e  o rd er  from th e  se q u en ce  a s  p r e sen ted .
B . V e r b a l Memory
The V e r b a l Memory s e r ie s  i s  d e s ig n e d  to  r e tr a in  s h o r t-  and lo n g -term  
memory p r o c e ss e s  fo r  w r itten  la n g u a g e  m a te r ia l. I t  s t a r t s  o f f  b y
a llo w in g  f a ir ly  im m ed ia te  r e sp o n s e s  b u t g r a d u a lly  in s e r t s  more and  
more in te r v e n in g  a c t iv i t y  b etw een  th e  p r e se n ta tio n  and th e  r e c a l l  o f  
th e  m a te r ia l.  T h is m odule w i l l  h a v e  a d d it io n a l  program s a s  we
e x p a n d  our sy s te m , b u t  p r o v id e s  e f f e c t iv e  tr a in in g  a s  i t  s ta n d s .
1 . V e rb a l Memory 1; L etter  se q u e n c e s  a r e  p r e se n te d , a  s im p le  math
problem  i s  p r e se n te d  an d  m ust be a n sw e r e d , th en  th e  le t t e r
se q u e n c e s  m ust be r e c a lle d  ( t y p e d ) .
2 . V e r b a l Memory 2: L is ts  o f v a r io u s  le n g th  "words" a r e  p r e sen ted
u n t i l  m em orized c o r r e c t ly  (w ith  3 m ath problem s a s  in te r v e n in g  
a c t i v i t y ) ,  th e n  th e  p a t ie n t  m ust work a lo n g  s e t  o f  math p ro b lem s, 
th e n  p ic k  th e  w ords o u t  o f  a  la r g e  l i s t  o f  c h o ic e s  (r e c o g n it io n  
m em ory) .
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3 . V e rb a l Memory 3; A l i s t  o f  fo u r - le t t e r  "words" i s  p resen ted  fo r  
m em oriza tion . The sam e l i s t  i s  p r e se n te d  r e p e a te d ly  u n t i l  th e  
p a t ie n t  i s  a b le  to  r e p e a t  ( ty p e )  i t  c o r r e c t ly ,  th e n  a new l i s t  i s  
g e n e r a te d . C r iter io n  i s  th e  num ber o f p r e se n ta t io n s  needed  to  le a r n  
e a ch  l i s t .
4 . V e rb a l Memory 4 : A lte r n a tin g  num ber and le t t e r  se q u en ce s  a r e  
g iv e n  a n d  r e sp o n s e s  a r e  a lw a y s  tw o se q u e n c e s  b eh in d  so  t h a t  
c o m p le x ity , r e te n t io n , an d  in te r v e n in g  a c t iv i t y  a r e  a H  in c r e a se d  
from t h a t  o f e a r l ie r  p ro g ra m s.
5 . V e rb a l Memory 5; The sam e a s  VM2 e x c e p t  t h a t  r e sp o n se s  a r e  
ty p e d  (tr u e  r e c a l l  v e r s u s  r e c o g n it io n ) .
C. N o n v erb a l Memory
The N o n v erb a l Memory s e r ie s  i s  d e s ig n e d  to  tr a in  im m ed ia te , 
sh o r t- te r m , and lo n g -te rm  memory o f v i s u a l  and  (w hen com p leted )  
a u d ito r y  n o n la n g u a g e  m a te r ia l.  The program s s t a r t  o ff  b y  a llo w in g  
f a i r l y  im m ed ia te  r e sp o n s e s  b u t g r a d u a lly  im p o sin g  more and  more
in te r v e n in g  a c t iv i t y  b etw een  p r e se n ta t io n  an d  f in a l  r e c a l l .
1 . N o n v erb a l (V isu a l)  Memory 1: A s im p le  geom etric  d e s ig n  i s
p r e se n te d  (th e se  d e s ig n s  a r e  o ften  ta g g e d  w ith  a v e r b a l  l a b e l  b y
p a t i e n t s ) . The d e s ig n  d is a p p e a r s  an d  a f te r  a  sh o r t  d e la y ,  a
s e le c t io n  o f  d e s ig n s  a p p e a r s . The p a t ie n t  m ust p ick  th e  c o r r e c t
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d e s ig n  from th e  s e le c t io n  (im m ed ia te  r e c o g n it io n ) .
2 . N o n v er b a l (V isu a l)  Memory 2: A com p lex  geom etric  d e s ig n  i s
p r e se n te d  (p a t ie n t s  u s u a l ly  c a n n o t p u t v e r b a l  la b e ls  on th e s e  
d e s ig n s ) .  The d e s ig n  d is a p p e a r s  an d  a fte r  a d e la y  p e r io d , a 
s e le c t io n  o f  d e s ig n s  a p p e a r s . The p a t ie n t  m ust p ick  th e  c o r r e c t  
d e s ig n  from th e  s e le c t io n .
3 . N o n v erb a l (V isu a l)  Memory 3: A s e t  o f  com plex d e s ig n s  a p p e a r s
w h ich  th e  p a t ie n t  m ust t r y  to  m em orize and  th e n  p ic k  o u t o f a la r g e
s e le c t io n .  The s e t  i s  p r e se n te d  r e p e a te d ly  u n t i l  m em orized. N ext, a
s e r ie s  o f  m ath p rob lem s m ust be w ork ed . F in a l ly ,  th e  s e t  o f d e s ig n s  
m ust a g a in  be p ic k e d  o u t  o f  th e  la r g e r  s e le c t io n .
4 . N o n v erb a l (V isu a l)  Memory 4: A com p lex  geom etric  d e s ig n  i s
p r e se n te d  and  d is a p p e a r s ,  th e n  a m u lt ip lic a t io n  problem  i s  p resen ted  
a n d  m u st be a n sw e r e d . The p a t ie n t  th e n  p ic k s  th e  c o r r e c t  d e s ig n  
from th e  s e le c t io n  w h ich  a p p e a r s .
5 . N o n v erb a l (V isu a l)  Memory 5: L ik e NVM3 e x c e p t  th a t  th e  p a t ie n t  
m u st r e c o n s tr u c t  th e  d e s ig n  ( s  ) p r e se n te d  from a l i s t in g  o f  th e  
com p on en ts (a n a lo g o u s  to  ty p in g  th e  in d iv id u a l  le t t e r s  t h a t  a r e  th e  
com p on en ts o f  a  word l i s t ) . T h is  program  r e q u ir e s  s h o r t-  and  
lo n g -te r m  v i s u a l  m emory, com p lex  v i s u o s p a t ia l  p r o c e s s in g , and  
com p lex  n o n v e r b a l p r o b le m -so lv in g .
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APPENDIX E 
H ie r a r c h y  o f  DCAR M emory P ro g ra m s
V e r b a l  P ro g r a m s
1 0 6
RCl RC2 RC4
1 2 3 4 5  1 2 3 4 5  1 2 3 4 5
123  123  1 23
SML SML SML
VMl VM2 VM3
L e v e l s  
1 2 3 4 5  1 2 3 4 5  1 2 3 4 5
S p e e d s  
123  12 3  123
L e n g th s  
SML SML SML
VM4 VM5
1 2 3 4 5  1 2 3 4 5
1234  1234
SML SML
N o n v e r b a l  P ro g ra m s
NVMl
1 2 3 4 5
123
SML
NVM2
1 2 3 4 5
1 23
SML
NVM3
L e v e l s
1 2 3 4 5
S p e e d s
123
L e n g th s
SML
NVM4
1 2 3 4 5
1234
SML
NVM5
1 2 3 4 5
1234
SML
Lengths are short ( S )  ̂ m edium  ( M) , or long ( L ) .
S p e e d s  a r e  s l o w  ( 1 ) ,  m e d i u m  ( 2 ) ,  o r  f a s t  ( 3 ) .  
C o m p l e x i t y  i s  1 ( e a s i e s t ) ,  2 ,  3 ,  o r  4 ( m o s t  c o m p l e x ) .
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APPENDIX F 
S c o r in g  D i r e c t i o n s
1 .  L ook  a t  t h e  l a s t  l e v e l  c o m p le t e d  on  p rogram  1 f o r  t h e  
m o d u le  y o u  a r e  w o r k in g  o n .  I f  t h e  s u b j e c t  d id  n o t  work on  
p r o g r a m  1 ,  g o  on  t o  p ro g ra m  2 o r  u n t i l  y o u  g e t  t o  a  p rogram  
t h e  s u b j e c t  w o r k e d  o n .
2 .  I f  t h e  p r o g r a m  w as m a s t e r e d  ( s e e  A p p e n d ix  C) on t h e  l a s t  
t im e  t h e  p e r s o n  w o r k e d  on  t h e  p r o g r a m , t h e n  lo o k  a t  t h e  s p e e d  
an d  t h e  l e n g t h .
I f  t h e  p ro g ra m  w as n o t  m a s t e r e d ,  t h e n  k e e p  l o o k i n g  b a c k  
t o  f i n d  t h e  l a s t  m a s t e r e d  l e v e l  t h e  p e r s o n  w o rk ed  o n .
3 .  I f  t h e  s u b j e c t  w o r k e d  on  an d  m a s t e r e d  l e v e l  5 on t h e  l a s t  
t i m e ,  l o o k  t o  s e e  i f  t h e  s u b j e c t  w o rk ed  a t  t h e  f a s t  s p e e d  on  
a m edium  l e n g t h  e x e r c i s e .  I f  s o ,  t h e  s u b j e c t  c o m p le te d  t h a t  
p r o g r a m  an d  g e t s  a c o m p l e t i o n  s c o r e .
I f  n o t ,  t h e  s u b j e c t  g e t s  t h e  s c o r e  f o r  t h a t  l a s t  p rogram  
an d  s p e e d  m a s t e r e d .
4 .  Go on  t o  t h e  n e x t  p ro g ra m  w o rk ed  upon  and  c o n t i n u e  t h e  
p r o c e s s  u n t i l  y o u  h a v e  g o n e  t h r o u g h  a l l  p r o g r a m s t h e  s u b j e c t  
w o r k e d  o n .
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V e r b a l
RCl
RC2
RC4
VMl
VM2
VM3
S c o r in g
4 p o i n t s  f o r  c o m p l e t i o n
1 , 2 , 3 , 4 ,  o r  5 p o i n t s  f o r  l e v e l  
( i . e . ,  1 p o i n t  f o r  l e v e l  1 ,  e t c . )
1 , 2 ,  o r  3 p o i n t s  f o r  s p e e d  
( i . e . ,  1 p o i n t  f o r  s l o w ,  e t c . )
VM4 4 . 5  p o i n t s  f o r  c o m p le t io n
VMS 1 , 2 , 3 , 4 ,  o r  5 p o i n t s  f o r  l e v e l
1 , 2 ,  3 ,  o r  4 p o i n t s  f o r  c o m p le x i t y  
( i . e . ,  1 p o i n t  f o r  c o m p l e x i t y  1 ,  e t c . )
To g e t  t h e  c o m p l e t i o n  s c o r e ,  t h e  s u b j e c t  m u st m a s te r  l e v e l  5 
on t h e  f a s t  s p e e d  an d  w o r k , a t  l e a s t ,  a  medium l e n g t h  
e x e r c i s e .  T h is  a p p l i e s  t o  t h e  v e r b a l  an d  n o n v e r b a l  p r o g r a m s .
N o n v e r b a l
NVMl
NVM2
NVM3
4 p o i n t s  f o r  c o m p le t io n
1 , 2 , 3 , 4 ,  o r  5 p o i n t s  f o r  l e v e l
1 , 2 , o r  3 p o i n t s  f o r  s p e e d
NVM4
NVM5
4 . 5  p o i n t s  f o r  c o m p l e t i o n
1 , 2 , 3 , 4 ,  o r  5 p o i n t s  f o r  l e v e l  
1 , 2 , 3 ,  o r  4 p o i n t s  f o r  c o m p le x i t y
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Program
NVMl
NVM2
NVM3
NVM4
NVM5
L e v e l A ch ieved  
5 
5
4
5 
4
Speed
f a s t
f a s t
medium
medium
slow
# o f  E x e rc ise s  Length  
10 M
15 M
25 S
30 S
45 L
125
S co r in g  
Program  
C om pletion  
L e v e l A ch ieved  
Speed  A ch ieved
4
5 
3
4
5 
3
0
4
2
0
5
2
0
4
1
12 12
12 + 12 + 6 + 7 + 5 = 45 42/125  = .34  = D ependent V a r ia b le
In  t h i s  e x a m p le , s u b je c t  1 w orked on a l l  5 program s o f th e  
N o n v er b a l Memory S e r ie s . T h is s u b je c t  com p leted  th e  f i r s t  program  
in  10 e x e r c is e s  an d  w as a b le  to  m aster l e v e l  5 , medium le n g th , a t  
th e  f a s t  sp e e d . S cor in g  i s  4 p o in ts  for  co m p letin g  th e  program , 5 
p o in ts  fo r  r e a c h in g  l e v e l  5 , an d  3 p o in ts  fo r  w ork in g  a t  th e  f a s t
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s p e e d . T h is  g iv e s  th e  s u b je c t  a  t o t a l  o f  12 p o in ts  for  program  
NVMl. Program  2 i s  th e  sam e e x c e p t  th e  s u b je c t  com pleted t h is  
program  in  15 e x e r c i s e s .  On program  3 , th e  su b je c t  reach ed  l e v e l  
4 , w o rk in g  a t  th e  medium sp ee d  in  25 e x e r c is e s .  S corin g  for  t h i s  
program  i s  0 p o in ts  fo r  com p letion  ( s in c e  th e  s u b je c t  w as n o t a b le  to  
perform  a t  th e  f i f th  l e v e l  in  t h i s  p r o g r a m ), 4 p o in ts  fo r  r e a c h in g  
l e v e l  4; a n d  2 p o in ts  for  w ork in g  a t  medium sp e e d , a  t o ta l  o f  6 
p o in t s .  The s u b je c t  w orked on program  4 a t  l e v e l  5 , medium sp e e d ,
s h o r t  le n g th  in  30 e x e r c i s e s .  S in ce  th e  s u b je c t  d id  n o t work a t  f a s t
sp e e d  a n d  medium le n g t h ,  a  com p letion  sc o re  i s  n o t o b ta in ed . B ut, 
th e  s u b je c t  g e ts  5 p o in ts  fo r  r e a c h in g  l e v e l  5 and  2 p o in ts  fo r  
w o rk in g  a t  medium sp e e d , g iv in g  a t o t a l  o f  7 p o in ts . The su b je c t  
w a s a ls o  u n a b le  to  f in i s h  program  5 , w h ich  w as worked a t  l e v e l  4 , 
s lo w  sp e e d  in  45 e x e r c i s e s .  The sc o re  i s  0 p o in ts  for  com pletion  o f  
th e  p rogram , 4 p o in ts  fo r  r e a c h in g  l e v e l  4 , and  1 p o in t for  w orking  
a t  slow  sp e e d , fo r  a t o t a l  o f 5 p o in ts .  The p o in ts  for  ea ch  program  
a r e  a d d ed  to g e th e r ;  12 p o in ts  fo r  program  1 , 12 p o in ts  fo r  program  
2 , 6 p o in ts  for  program  3 , 7 p o in ts  fo r  program  4 , and 5 p o in ts  for  
p rogram  5 , g iv in g  a t o t a l  o f  42 p o in ts .  The num ber o f e x e r c is e s  for  
e a c h  program  a r e  a d d ed  to g e th e r ;  10 e x e r c is e s  fo r  program  1 , 15 
e x e r c i s e s  for  program  2 , 25 e x e r c is e s  fo r  program  3 , 30 e x e r c is e s  for  
program  4 , an d  45 e x e r c is e s  fo r  program  5 , fo r  a  to t a l  o f  125
e x e r c i s e s .  F in a l ly ,  th e  t o t a l  num ber o f p o in ts  i s  d iv id e d  by th e
t o t a l  num ber o f e x e r c i s e s ,  42 d iv id e d  b y  125. The q u o tie n t, .3 4 , i s  
th e  d e p e n d e n t v a r ia b le  for  s u b je c t  1 .
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P ro g ra m  T r i a l  L e n g th s
111
RCl
RC2
RC4
VMl
VM2
NVMl
NVM2
NVM3
S h o r t M edium
20 50
Long
100
VM3 5 10 15
VM4
VMS 1 5 10
NVM4
NVM5
T he l e n g t h s  o f  t h e s e  f o u r  p r o g r a m s r e p r e s e n t r e s p o n s e  t im e
a l l o w a n c e s  w i t h  1 b e i n g  t h e  m o s t .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
112
A l l  o t h e r  DCAR p r o g r a m s u s e d  i n  t h i s  s t u d y  h a v e  S h o r t= 2 0  , 
M edium =50 and  L on g = 1 0 0  w i t h  t h e  e x c e p t i o n  o f :
R e a c t  1 S = 10  M=25 L=50
C o n c e n t r a t io n  10 S = 10  M=25 L=50
V i s u a l  S p a t i a l  8= 1  M=5 L=10 (T h e s e  a r e
r e s p o n s e  t im e  a l l o w a n c e s )
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APPENDIX H 
Summary of Regressions
1 .  VDVC on  p r e - v e r b a l  s c o r e s  an d  o t h e r  v a r i a b l e s
2 .  VDVNC on p r e - v e r b a l  s c o r e s  an d  o t h e r  v a r i a b l e s
3 .  VDVC on  p o s t - v e r b a l  s c o r e s  an d  o t h e r  v a r i a b l e s
4 .  VDVNC on p o s t - v e r b a l  s c o r e s  an d  o t h e r  v a r i a b l e s
5 .  NVDVC on  p r e - n o n v e r b a l  s c o r e s  and  o t h e r  v a r i a b l e s
6 . NVDVNC on p r e - n o n v e r b a l  s c o r e s  an d  o t h e r  v a r i a b l e s
7 .  NVDVC on  p o s t - n o n v e r b a l  s c o r e s  an d  o t h e r  v a r i a b l e s
8 . NVDVNC on  p o s t - n o n v e r b a l  s c o r e s  an d  o t h e r  v a r i a b l e s
9 .  VLT g a i n  on  VDVC
1 0 .  VLT g a i n  on  VDVNC
1 1 .  VBITS g a i n  on  VDVC
1 2 .  VBITS g a i n  on  VDVNC
1 3 .  VML g a i n  on  VDVC
1 4 .  VML g a i n  on  VDVNC
1 5 .  VIR g a i n  on  VDVC
1 6 .  VIR g a i n  on  VDVNC
1 7 .  IM g a i n  on  VDVC
1 8 .  IM g a i n  on VDVNC
1 9 . AIR g a i n  on  VDVC
2 0 .  AIR g a i n  on  VDVNC
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2 1 .  NVLT g a i n  on  NVDVC
2 2 .  NVLT g a i n  on  NVDVNC
2 3 .  NVBITS g a i n  on  NVDVC
2 4 .  NVBITS g a i n  on  NVDVNC
2 5 .  NVML g a i n  on  NVDVC
2 6 .  NVML g a i n  on  NVDVNC
2 7 .  NVIR g a i n  on  NVDVC
2 8 .  NVIR g a i n  on  NVDVNC
2 9 .  IM g a i n  on  NVDVC
3 0 .  IM g a i n  oN NVDVNC
3 1 .  AIR g a i n  on  NVDVC
3 2 .  AIR g a i n  on  NVDVNC
3 3 .  VDVC on TH/CON
3 4 .  VDVNC on TH/CON
3 5 .  NVDVC on  TH/CON
3 6 .  NVDVNC on  TH/CON
V D V C -V erb al D e p e n d e n t  V a r i a b l e  w i t h  C o m p le t io n
V D V N C -V erbal D e p e n d e n t  V a r i a b l e  w i t h o u t  C o m p le t io n
N V D V C -N on verb al D e p e n d e n t  V a r i a b l e  w i t h  C o m p le t io n
N V D V N C -N onverbal D e p e n d e n t  V a r i a b e l  w i t h o u t  C o m p le t io n
V L T -V e r b a l L e a r n in g  T r i a l s
N V L T -N o n v erb a l L e a r n in g  T r i a l s
VBITS - V e r b a l  B i t s  o f  I n f o r m a t io n  L e a r n e d
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NVBITS-Nonverbal Bits of Information Learned
V M L -V erb al Memory L o s s
N V M L -N on verbal M emory L o s s
V I R -V e r b a l  Im m e d ia te  R e c a l l
N V IR -N o n v e r b a l Im m e d ia te  R e c a l l
I M - I n c i d e n t a l  Memory
A I R -A v e r a g e  Im p a ir m e n t  R a t in g
T H /C O N -T h e r a p y /C o n s c io u s n e s s
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